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-ABSTRACT * 

The doaain-referen'ced approach to assessient results 
in a .set of tests that are closely litked ttd tBeoretical propositions 
about aspects of reading coaprehensicn. i^n this paper, the 
definition, ^validation, and use of dosains are described, and obe 
strategy for developing doi&ain-referenced measures is proposed. The 
strategy involves identifying a platisible candidate dpaain, 
identifying prototypic items from that' domain, specifying relevant 
variables thought to affect the difficulty of responding correctly. to 
those items, creating sample items, and verifying the domain 
empirically. An attempt vas m^de to implement this strategy in 
aeasuiring **ability to find the main point of a passage.** In general, 
the strategy seems, to be a useful approach to test development and 
theory refinement, in that it effectively saisples and screens 
variables affecting performance in the domain^ On ^ the basis of this 
study, suggestions are made for further reseatch oh finding the main 
point, and appropriate next steps in developing dpmain- referenced 
measures are proposed. (Author) * 
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Domain Refererw:ed Tests 

Development and Trial of a Model for Developing 'Domain Referenced 

I 

Tests of Reading Comprehensi^on 
Introduction 



There are at least three approaches to constructing tests of reading 
comprehension^ The table-of-speci f ications apj>roach used for most stan- 
dardized achievement ^ests results in general measures of achievement'' 
based on perforfnanoe over a bVoad range of contend areas and tasks. The 
objectives-referenced approach results in a 5et of discrete items, each 
keyed jto «a ^speci f i c instructional objective. The domaioir referenced 
approach results in a set of tests which are dertved from and which feed 
into a theoretical proposition about some ajspect of reading comprehension. 

Because of their generality, tests ^derived using the'first approach 

are of J.A^I^ed value for helping practitioners make decisions about in- 

struct Tonal^^ sequences or strategies. Their generality also results in 

'"^ .' 
tbeir having little value as outcome measures in research on comprehension 

I \ • . • ■' 

processes. 1 • 

Because of their specificity, tests derived using the second approach 
permit rather Iprecise determination of whether pupils have attained par-- 
tixular objective^, but are of little valpe far assessing pupils^ acquis!- 
tion of more brbad ly-concei veil skills or strategies for comprehending 
written discourse. That same ^speci f i ci ty $eyerely limits their util}ty as 
outcome measures for research on comprehension processes. 

Additionally, both the ,tableTof-^peci f ications and the objectives- 

•J 

referenced approaches are only remotely conne;:t^d to theoretical mod^s 
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^ • . 

of reacting comprehension* Thrs lack of a validated theoretical base 
further limi ta-^ei r' uti 1 i ty . ' ' 

In this report, an argument is presented for the potential value of 
the domain- referenced approach. The report proceeds from an initial 
definition of domains thrbugh a discussion of the validation and potenti^al 
utility )of domains. It then presents one test-cjevelopment strategy a/id 
describes the development, administration, and analysis of a tentativ)E 
measure. (In this pilot effort, only a one-jtem **test*' was developed.) 

Finally, the feasibility of the approach is discussed and some suggest ions 

, »- / / 

concerning the future rples of domain-referenced measures are pres(eth.ted. 



Defining, Validating, and Using "Domains'^ 



Definition 



4 f 4r 

In the context of this report, a domain is a well-defined 'set of 

Items. There are at^ least three ways to define* a set of items: (1) in 

the most primitive sense, by simply enumerating all the constituent items; 

(2) in the most elaborate and comprehensive sense, by stating the complete 

set of rules necessary' to generate items in the domain — rules vrfifch can be 

followed by a computer or a clerk; and (3) in the sense that isj most 

» 

likely to be useful for domain^ representing complex behaviors ,^ by stating 
the r|jles thaf a judge may apply in separating instances from noninstances 

of the domain, as they occur in nature* * . 'I 

1 

Arriving at a ccxnplete specification of a domain involves tidtr 
identifying the domairk^and preat^ing or collecting assessment* iteps|for* 
the.domain* Since it Is unreasonable to j^resume that a,l 1 the relevant 
constraints and comp 1 ex 148 ^5 Characterizing a domain can be presp^c^f iecj , 
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\ ' ... 
defining domains is. an interactive process involving the int^jJlay of 

\ I ' ' 

conceptualization and empiricism (thyeory and observation). It is ih the 

process'pf translating .verbal labels (e.g., ^'finding the main point of a 

passage** or "recognizing 'cause-and-ef feet relationships'*) into measure- 

ment tasks, that necessary constraints on the, definition ^re identified 

ancj^ the subtleties and complexities of the domain are elucidated, - 

(Hive|y, f975). ' . . ' - . . 

In attempting to define a dortiain, one^usually begins .with a collec- ^ 
tfon of exepprplary or prototype items: important things that learners do 
in the area of interest. Then, /a sampling space of comparable or related 
items is generated by transforming and general izing^the prototype j terns 
and by deducing other rel ated /i tems from a theoretical analysis of the 
process required to obtain correct answers. 

Transformations and generalizations of the Items are often obtained 



^through the development of rjf^n forms** in which components of /an item are 

allowed to vary over a speci^^d range bf possibilities. Li/ts of replace 

^ments for the variable components are prepared so that nev^items may be 

generafed by selecting from these lists new values for the variables. 

For example, compar'e passage '*A\* and passage *'!** which appear 'in the 

Appendix of thi s, report^. Both are Identical with, the exception of the 

first paragraph, 'a **component of an item,*' which is **al lowed to vary*' from 
♦ 

a paragraph that directly states the passage*s main poi nt* (4§*'»i n passage 
"A") to a paragraph that Ind i rectly , states the passage's main poinrt (as 

in pass^age **l**) . New Items may bg generated by varying pther passage com- 

J - * ■ 

popents in addition to the first paragraph. 

5 ^ . ' ' 
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Other related^ items may be generated by analyzing hypothetical 
teacliing sequences that would help learners acquire the skills necessary^ 
tQ respond correctly to the prototypal tems. Processing models of a 
learner's behavior may also lead to the Identification of related items 
which the learner would hav^ to answer correctly if he or sh^. performed 
according to the model. Such n^dels — at varipus levels of elaj>oration — 
may also be. used to generate predictions about variables affecting the 
difficulty of items.. Specifying different values of these variables 
allows one to generate diff^ent classes of items in the do^iatn. 

Typically, then, a docnain consHtt of a set of items partitioned 
intg_ subsets according to son)e_,theoxy^. The domain, together ^ith the- - — 
theory that rationalizes Tt, often redefihes the area of original interest. 

V. « 

Val idation 

y Given a skill or behavior and its assbciatQd items and theoretical 
framework/ the next step js to administer the items to a group of examinees 
and to use their performance as a basis for validating and possibly rede- 
fining the domain. * 

HoVare domains validated? The question is not simple to answer ^'^'^ 
because each of the several types of validation requires unique procedures, 
What*fo>fows is a description of four types of domain validation, along 
with a brief consideration of the crucial issues relating to the problem 

• ^ s 

of validating domain- referenced tests. 

The fiVst type i^ internal construct validity- Following this approach, 
the theory that defines and partitions the domain may be used to predict 
t?he behavior of learners in several ways: 
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(l) It may be used to predict the relative difficulty of items over 



some population of learners. 
* (2) It may be used to prec 
corr^ect and incorrect' answers to 



* lying strategies used by individials or subgroups of learners 



(3)- It may be used to pred 
ships or patterns of correct anc 
the subdomains, t.e., partitions 
one draws one or two items from 
a theory that predicts which on^ 
correctly (and the data support, 
findings needs t6 be clinched b> 



ct patterns or scalar relationships among 
rtems, perhaps*, representative of under- 



ct generalization of difficulty relation- 
incorrect answers to dther samples from 



of the larger domain. 



^ach subdomain of a larger domain and has 



of those items an individual will answer 



To elaborate 



the theory), then the 



general i ty of the 



drawing other comparable items from the* 
same subdomains and seeing whetHer the same relat ionsfii ps hold. Findings 
must, be replicated with some degree af rel iab^i 1 ity 'across independently 
sampled test forms. A single test is a trivial domain. - 

\k) The theory may be use ! to predict" transfer and gene;jra] ization 
among subsets in the domain for 

is probably"^ the strongest way to vali-date 
elaborated. * . 



defined by those subsets. This 



a domain, and it should also be 



learn^rS^ho are- being taught new sHjll^ 



In the first three instances above, no teaching took place. The 
dpmain was validated simply by looking for relatrVely stable and theor^t 



ical ly inter<pretable patterns 
encountering the items for'^he 
diagnose the pattern of an indi^ 
o?" her to respond correctly to 



)f performance from individuals oi* groups 
"irst time. One, can go/ beyo'nd this to 
idual's initial performance", teach him 
ome previously "unknown set of items, and 
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then look'for theoretical ly predictable changes In performance in related 
subdomains, / 

The second type of domain validation Is external construct validation. 
The theory that defines and part ft ions the domain may be used to predict a 

learner's behavior on previously uncatalogued items. For example, if a 

* i» 

learner's behavior has been diagnosed with respect to the domain of ''find'ing 
the main point/' a teacher might bring a new passage from the Reader ' s 
Digest and ask the examiner to predict whether the learner could correctly 
state its m^in idea, ^ The tester could then apply the theory whith has been 
used to structure the domain and come up with a probability statement about 
' the leai^n^r's chances of success, 

The third type is external predictive validity. The theory which 
defines and partitions the domain may be used to predict judged performance 
\x\ related real-world tasks. For example, can a student who does a good 
job in the domain of "fjnding the main point" perform effectively in a 
reading discussion group? ^ - ' 

External predictive validity may be either correlational or- experi- 
mental. In thp correlational case, one finds^ people who do well and 
people who do poorly on the domain and looks at their related behavior in 
the discussion group. In the experimental case, one finds people who do 
poorly on the domain and poorly in the discussion group, then teaches 
them to perform well in the domain to see if there Is ^any change in^tj:>6ir 
"performance in the discussion group. ^ , 

The last type of validation is face val^idity. Judges simply rate 
the exteryi to which the ftems' truly reflect the skill being assessed. 



Domain Referenced Tests 



'Technjcally speaking, it is not necessary for a domain to have face 
validity, but if it doesn't (a "cloze*' domain might be an example) then 
its internal construct val idatiort^may be of very little interest. Justi- 

! 

flection of the domain'>§ sjcistence for practical purposes would -t-hen hav6 

to depend on external predictive validation. And, 'if its external pre- 

J 

dictive validity is good (the "cloze" test may again be an example); 
then that would seem to suggest a need for some intensive analysis to 
tease out the actual ba^is for the correlations. ^ 

Use 

Domains have both theoretical and practical applications. In terms 
of theory, a domain serves as a concrete space for experimentation which 
operationally defines an area of general izabi 1 i ty for experimental results. 
It allows one to make precise statements about generalization and transfer 
and about relat ive di f f i cul ty among the items,. However, the main use of 
domains is likely to be §ypractical one: as targets for instructional 
interventions. If one has a well defined domain, one-can observe learners 
acquiring it, try a vai^iety of teaching and curriculum techniques, and— 
given an elaborated, set of items representing the domain—closely monitor 
the efficiency and effectiveness of instructional procedures. 

^ A Development Strateg^ 

. # 

One strategy for developing domain-referenced measures is as follows: 

(1) identify a plausible candidate domain, (2) identify prototyptc^ i tems 
frbm that domain, (3) specify relevant variables thought to affect the 
difficulty of responding correctly to those items, (^) create sample items. 



Domain Referenced Tests 



9 



Bnd-JL5^ verify the domain empiricaHy. As employed In this stu3y, .this 
Strategy emphasizes the internal construct val idation of "^a domain- 
referenced measure, using the first of the four approaches described 
earl ier. * . ' 

Ideally, a theor'y of behavior will guide the choice of candidate 

t 

domains. The needs of both researchers and practitioners, in the- field 

will determine the necessity to measure particular performance domains. 

Under such cl rcuftistances , the research base itself will provide an adequate 

set of initial specifications for the domai^^K^ Unfortunately, knowledge 

about components of reading comprehension in the transitional stage (grades 

k through 8^, the focu^ of the Center for the Sttfdy of Reading) falls far 
> 

short of qualifying as a basis for '^theory." Thijs , it. was necessary to 
use another strategy (described in the next section of this report) to 
identify a candidate domain for^our initial effort. 

Following the identification of a candidate domain, prototypic items 
for assessing behavior in that domain are located or produced. Some ways 
of comih^ up with such prototypic items are looking at existing tests, 
observing instructional sequences, analysing learner behaviors, and/or 
studying instructional materials. Essentially, 'the task is to come up 
with stimulus situations that seem likely to evoke responses demonstrating 
the presence or absence of the behavior (s) exemplifying the target domain. 

The next phase (steps 3-5 above) encompasses the jdevelopmeht which 
typrcally takes plac^ in any experimental %tudy: variables and techniques 
are generated from available theories. The choice of particular expeVi- 
menfal variables -Is based upon theoretical predictions about their relative 
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processing defnands>(e.g. , manipulations of syllabic structure is expected 
to vary the load placed upon a c(ecoding process in making lexical identi- 
ficatlons). , -Failure to find performance differences for different levels 
of a, variable then i,ndicates that the theoretical surmises were incorrect, , 
and that revisions of^ the theoretical model are required. Opce thes^ 
variables have been identified, i ter^s are constructed or collected which 
differ systematically along the specified variables while other variables 
are held at a constant level. The items should be at least partially 
ordered in difficulty on the basis of the theory used to generate them. 
That is, one would generally expect items that are easy on all the variables 
affecting the behavior tp be eas i est j_ i tems that are easy on all but one , 
of the variables affecting the' ski 11 to be next easiest, and so, on. 

Empirical verification may be carried out in at least two different 

4 

ways: (l)"a rating procedure by expert Judges, and (2) a collection of 

performance data from learners. Although the rating procedure was nOt ^ ' 

employed "in the study described later, a description of both techniques 

s 

I s .presented. 

In the rating procedure, ratings are obtained of item difficulties 
with respect to the skUl domain from an independent group of, raters. 
Scaling techniques are used that will reveal inconsistency In jadgment both 
within a rater and from rater to rater. If rated itfem difficulties dp not 
correspond to predicted item d 1 f f 1 c^ul t ies, reasons for disagreement should 
be analyzed and a revised* theory developed that specifies how much impact 
partlcula?^ variables have on item difficulty. Additional items are then 
either constructed or selected following the revised set, of principles. 
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♦ 

Ratings ar^ again obtained, and the iterative procedure rs continued untiT^ 
a set of rules for item construction ^has been specified that can be fo*11owed 
by item writrers and that yields items that vary .systemati cal ly with respect 
to the specified variables while not varying along irrelevant dimens^ions. 



Ea.ch of these rec^ui rements wri 1 have been met when independent raters 
affirm these claimed properties for the items. In other words, a satis- 
factory set of rules for item constr^jcti on exists only when it is possible 
to predict, based on those rules and the variables derived f f om' the asso- 
ciated theory, the rated difficulty of the resulting items, ^ 

On ea^ih iteration of this procedure of theory specification and 
revision, i teSt select ion or construction* and mod i H ca.t i on , and evaluation 
by independent r*aters, decisions have to be made about partfcular items, 
^'if an item is not transitively related to other Items in rated difficulty, 
ft should be eliirftrlat^d and a principle written down which will serve to 
javoid the construction or selection of ^invilar items in the future* This 
amounts to refining the definition of the domain. Jn other cases, iteffts 
might be^ scalable but show substantial variability in scale po'si tion for 
different raters; such j terns 'should be retained, but modified in order, to 
increase their scalability. The principles u5^d in modifying ifems' should 
be expV}ci tly 'stated, so that they, can be incorporated in the specifica- 
tlons used for generating addi tional itemS. Finally, if a number of item 
variables are being employed in the construction or selection of test 
.items, it is possible that subsets of items Which represent a single vari- 
able may have poor *scalabi 1 i ty. In %uch cases*, decisions should be made 
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about whether or not to continue tO*use thjs i^jjjjjjj^^ as 

a means for manipulating difficulty within' the. specifi^cT ski'll domain. 

The second way to validate empirical lyj^^^to ^col lect perform^ce data 

•from^'l earner si. Items are^ presented to a sample ^upil population and per- 

formance data are obtained for each item. .The validity of the items ca'n 

then, in [5a*U:Abe established by showing that the variables selected for 
t ^ ^ ^ 

study are predictive of item difficulty. This technique was implemenWj 

In the study described la^er. . . 

Si^ice a* domain- referenced test a'g-signs test scores on the basis of 

""an item difficulty metric, th^ statlstlca^ (tTest theory) models used to 

represent sjjbjects' perf ormance--^thi n the specified skill- domain should 

provide scale values (item diff icul ty^parameters) for the^indivfdual items 

and a-test score that shares the metric associated wlfh. the lten}S. If 

' . ' " * ^' - 

these requirements are met, then 'subjects can be assigned test scores 

which^^^yreseot^ the leve.l^of \iem d i f f i cul ty*^t which they /can success- 

f ul ly perform. * ' 

Three test theory models are suitable for ^th i s .purpose: t^he Guttman 

Mode-1 , the Rasch Model, and^the Logi&tlc or (equi valently) Normal-Ogfve* 

Model (iee Lord&Novick, 1968). These models^.all have the property thdt * 

scale values a,re. associated With the '^/idividual Ttems, and subjects* test 
/a- ; ' . V ^ . • • 

scores represent positions onr the item-difficultyv scale. ' Thus, if the'^ 

item diiFf icul tieS:: are closely predictable from the fjna^l theory specif ica- 

tion and correspond to, the rated difficulties,, one has a test whose scores 

are domal n-referejiced ^and do ^not require norming !n order to provide metri 

Information about the processing domain of interest. ,.Each of the test 
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^ theory models mentioned above will yield a- set of Item parameter ^est i- 
mates that can be compared wi th predicted difficulties obtained whenever 
the rating procedure is use<J. If the correlation (perhaps the rank corre- 

V 

lation) between actual item di ff Iculties- and predicted difficulties is 
high, the test's validity (and that of the theory as currently specif iejl) 
is, at least partially, established. If em(J^^cal <Jiff icultres are found' 
to be unrelated to predicted diff Kcul ties, then the test cannot be said 
to measure the skill domain for which, it was constructed. Given a close 
correspondence between predicted item di fficul ties and the obtained diffi- 
culty parameters, one would have a test with defensible' scale properties 
and highjnternal constructn?al idi ty, > 

^ ^ . ' • • ■ 

An AppHcatfon of the 'Strategy 

The remainder of this paper describes one attempt to apply procedures 

it ^ 

outlined above to one aspect of reading comprehension. Because of the 
Mack of a good theory of* reading comprehension, we began by reviewing 
various taxonomies, curriculum packages, and reading tests in order to 
locate ^ plausible ^'candidate domain.,** The choice — finding the main point 
(FMP) of a passage—appears (1) in most taxonomies of reading comprehension, 
(2) as an explicitly-taught skill in several sets of reading curriculum 
materials, and (3) as *one of the skills to be assessed in >^*rtua1ly every 
standardized test of^ reading comprehension. 

Having Identified this behavior as a possible domain, an attempt was 
made to Tocate prototypic items requi ring respondents to exhibit the be- 
havior. Morje than 20 question types were discovered (e.g.,*f^A gdod title 
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for the passage. IS "This passage mainly "The main idea 

is . . . I^e author's purpose in writing the passage was "The topic 

of this story is'".*..")^ Almost*' "every type wa;5 in |he ft>rm of a multiple 
choice item sd tbat examinees had to select the "best" • response from 
among the four or five alternatives given. In contrast^we chosse to ask 
examinee^ to complete the/ statement, "The story mainly tells ...." * 

A^w trial passage.!^, were identified to administer to a small number 
of. reader^. It was fouri'd that the question we were asking, and "main 
point" questions -genersl ly, were inappropl-iate for certain kinds of 
passages (e.g.-, travelogues), so the def ini tion^of the* domain was narrowed 
by specifying not only question type bu^ also general passage charac- 
teristlcs. The set of constraints on passages recjulred that they be 
expository and have a single main point. Further, they should contain 
relatively nov^l, but pqlitic,ally and emotionally neutral, content, and 
at least appear to be non-fiction. 

Method 

To try out the strategy for validating a domain, we compiled -a set 
of experimental materials, developed procedures for us^g" those materials, 
administered the mater'ials to a sample of examinees, and anal^ed the 

results. ^ 

-( » 

Mater iais - • 

Vocabulary test . Ih the development of experimental materials 
(passages), an attempt was made to keep the vocabulary simple so that 
subjects with low vocabulary levels would not have difficulty finding 
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the main point fdr thjs reason/ In an attempt to protect against the 
possibi 1 ity .that kme examinees might have an Inadequate vocabulary for 
the taskr, 20 even-numbered 1 tems (i.e., items 10, 12, 48) from the 

Gates-MacGinitie Reading Test',^ Survey D,^'Form 2 were administered to 
the students. * - „ , / * 

I tems . Following the selection/^f FMP as our prototype domain, 

" . ' ' / ' ' ' ^ 

variables conside^'ed to affect th^/ performance of individuals at the 

task of FMP were» identified. Table 1 presents a list of twelve variables 

j[each variable representing a character i,stic of a passage associated 

with the task of FMP) that was compiled by consulting relevant literature 

and col leagues^ ,^njy four variables were selected for manipulation in 

our generation of 'the passages to ba_ incorporated into test items. A 

brfef discussion of each of* those four variables follows. 



■ i - 



Insert Table 1 about here , 



A'ifew preliminary Invest igatiofts led to^the identification of the 
varlable^ntitied "fit of passage structure to mo<^el reading strategy." 

We foun<l that ma«y sophlsticatech readers (col lege graduates) have a pre- 

1 ■ ' ' * ' 

ferred dtrateg^for finding the main poiat of passages* These readers 

1 . ^ " " * 

typical lly, read the initial one or two paragraphs rather Carefully, 

1. ^ ' - ' , > 

continued by reading the fina.l paragraph or two, and then jumped to the 
middle paragraphs to read t^e first sentence of each. We thus antici- 

■ ' 1 * - • ■ • " 

pated thak, if a passage was^structured such that main point statements 
appeared |n '^expected places*^ (as ^operational ly defined 'by the reading 



^ • * Domain Referenced Tests. - 

16 



strategy described above), readers would find the main point more ^sily 

V 

than If information about the main point appeared \m '^unexpected/places.'* 
second variable selected for manipulation involves how V passage' s 
' main point is stated. We anticipated that if the author of ,a/ passage 
.Stated its main polrft in a clear and. direct manner, 'readers ^ould find 

e^ily tySs\ \w the case of an indirect Statement. Of 



the maTn point more e^ily X.^(Sx\ \v\ the case of an indirect 



either (l) to 



\ 



the several ways to str|fep main points indirectly, we cho^seN 
present exampTes and facts to'pbrtray a passage's main pdirt, or (2) to 
provide an analogy to suggest a passage's main point. 

The frequency of main. point statements jn a passage islthe third 
variable. ^.A high' f requencycqndi tion had three main point statements, 
and a low fVeguency conditioTi had one. It was hypothesized* ihat the 
high frequency condition would facilitate performance, \^ 
\ The final variable selected for manipulation was the amouot of 

i'n format ion in the passage that did not directly support the mal^n point. 



Such information includes 'ideas which are tangential and/or irre\^evant 
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^to the main point«^or its development," In some passages virtually ^11 

\ 

Ideas supported the main point; in the other passages, various sentences 
and clauses were incorporated which did relate to passage content bu 
did not lend support to the main point. This latter condition was hypo^h- 
es'lzed to make finding the main point more difficult. \ 
, , A set of items. wa{r constructed which had th^se components ;^ (1) the 
directions, '^Please read this story and try to find out what it Is mainly 
aboi^t," .{2) a passage, anJ (i) directions to complete- the folldwing sen- 
tenc6, "The story mainly tel Is. Item passages were generated by 

• ' . ,■' 
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systematically manipulating the four variables' just described while Yielding 
all other variables at a constant leyel . The contents of the item p^jssages 
were based on materials found in *'Oimehsi.ons in Reading — Manpower ar^ 
'Natural Resources*' (Sci'ence Research/Associates, I966) 

Tffree versions of a passage were generated for use as practice" items. 

Each had the fol lowing main point/ "Bald eagles are being killed, possibly 

/ . ^ *• ' ' * . 

to extinction.** The variable' cl/assificatlon emplo^ed^^in these three ver- 

s ^ ' ' . 

sions ar6 presented in Table 2^ With respect to the antfcipated difficulty 



Inse/t Table 2 about here 



of these passages, version one was predicted to be the easiest version two 
was considered moderaJCely difficult, and version three was considered the 
mast^di f f icul t. Eaj^ passage consfsted of approximately 350 words, and 
each had roughly a sixth gr^de readability, level as determined by the SMOG 

/ s 

readability formula (McLaughlirt, 1969) io combination with "A Living Word 
Voplabulary: ^ The Words We Know*' (Dale S p*Rourke,^1976) . A^^pap^ of each 
t>ractice '/tem^c^f^ bS^ound in the Appendix. 

"•/'". ^- ■ • - 

Sl>cteen versions of a passage were generate^ for use as experi;nenta1 

I terns. Each had the following main poi.nt*: **Building the Mackinac Bridge 

/ - ' ^ . ' ' 

was a diffic-ult job.** The sixteen versions of. the passage represented 

/ ' - ^ ' . ^ 

^]] possible combinations of the four manipulated Variables. ^Each passage 

consisted of approximatel y"&00 Words. Each had roughly^a sixth grade 

♦readability level as a'gain determined by the SMOG readability formula 

(McLaughlin, f969) in combination with **A Living Word. Vocabulary : The 
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Words We Know*' (Dale 6 O'Rourke, ISySfXA copy of each experimental it 

L ;■ • >v 

be found in the Appendix* i 

iiestibns, about experirnenta] passage <letai Is . In addition to items 



em 



can 



abiDut t|ie main, point of the passage, four questions were designed to 



assess s'^tudents* knowledge of .^certain detaiT^ about the passage. Two 

of the four questigns 'assessed ideas *^not directly in support of the main^ 

' • \ ^ -I ' ' ' \ < 

point,' whiile two others asses%ed supppntive ideas. 



Test Bookleu ^ministration . 



Test booklets consijsting of the vocabulary .test, ;a practice item,,*^ 
feedback froip nhtfe practice item (presenting three possible '^acceptable'' 

' ^ ; J'? M • ' 

responses), and experimental ""i tem, and the' four questi^ons about experi- 

I" _ \ i!' , [ 

* * * ' i . ' 

mental passage details were administered to students by test monitors in 

\ ^ ^ 

a classroom setting. The students ^!i/are allowed six minutes to complete 
the vocabulary test,, thirty minut;e4|to compVfete the practice and experj- 
mental Jtems, and ten mimites to rep pond lip. the detail questions. T^he 
design of the tes^ bookletsX|d Tiott allow students to refer back to the., 
exper inoentajt pa^sag^^ whi le responding to the four detail questions. 



Subjects 



Subjectsfwere 4'6 ^ixth graders and ^6. eighth graders from two local 
^schools, Thai^ were 56 males and p6 females in the sample. The sixth 



graders werejfroiti a progressive e 



^ the eighth gjrad^rs^ire f n m a mu<;K larger junior high school 



ementary school in the community, while 



Design 




The dat^ analysis scheme was basically a factorial 'analysis of * * 



,COY;ariance with vocabulary scores us^ a^ a cqvariate*, r^The five factors 
In the complete factorial were the Tour passage characteristics (detailed 
in th? mate^^ials' ^ect ion) and the difficulty Jevel of the practice passage. 
Thi^^^gave a 2 x 3 layout, with two subjects per cell (except for four ceW 

4* ' : • . 

in^which there were one subject each.^ The use of ^vocabulary scores mac^e jt 

unnecessary to include grade level as a factor in Une design. The estimate 

of error, was generated by po^N^iag the fourth and fifth order interactions 

wFth the within-cell variation. Primary dependent measures y/ene: (l) a 

measure of total score on finding the Inain point, (2) a scorie *on accuracy 

of the topic, action, and modifr^r*^ of the main point, and (3) number bf 

correct responses to' the four detail questions. Except Tor measures about 

• * 

detail qfjestions^ all measures were determined on both the practice and 
experimental passages. 

« 

Response Scoring Rule>s ' ' 

All main point statements were scored by rules. Three categories 
( topi c, , action » and modi f ier ) were used for each statement, and each cate^ 
gory could be assigned a score of 0, 1 , or 2., depending on the accuracy^ 
of the student's response. A response received 2 points if it v/as exactly 
correct, V point if it was correct but either too' general or too specific, 
or 0 points if the response was incorrect or absent. . In addition, 1 point 
could be subtracted from any category if irrele^vant or" extraneous informa- 
tlon was included with some Correct information^. Further, A point was 
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subtracted froo) tKe total score *(th? sum of topic, action, an/1 modifier 
scores) if additional informatfon was included that, coijfd not be identi- 
fied as applying to any^one of the' specif ic categories,; however, this 
point was not subtracted if the total score was 0, Thus, each category 
score^could range from o'to-f, producing a total icore t^angpn^from 0 to 6, 
*The following should*clari fy the application of the scoring rules, A 
correct' Statement of the main point fon the experimental p'issage is 
*'Big Mac (topic) was built (action) with great difficulty (modi fper) ."i 
Regardjng^ the topic only, '*Big Mac*' (or any response clearly- identifying 
that particular bridge, such as, "The bridge over the Straits of Mackinac'*) 
Is exactly the correct response and would recei^ve 2 points, A response 
like, "The bridge*' or "Bridges" would be *too g^eral, and one Ifke, "The 

.towers on Big Mac** would be cons i{lered too speci'fic; such responses would 
receive 1 point. Responses which failed to mention the bridge^or which , 
mentioned the wrong topic received 0 points, . If the topic had been 
awarded -V or 2 points and had included extraneous information, then 1 
point would be subtracted. For example, *'Big Mac and the highway lead'ing 

. to i t" would recei ve. a\score of 2-1=1 for jts topic score* 

There were 184 respo)\ses altogether-'-JZ from experimental* and 92 from 
practice passages. Responses were scored by Vive independent raters, ^ If 
there was any questioa regarding the scori-ng of a respons,e, it'wa^ reviewed 
by all fiv& members and the score was determined by consensus of t^e entire 

X r 

group, . 

To obtain a 'measure of the reliability of the scoring procedure as 

- ' ' -f ' * 

ij was applied to the students* experimental responses, the following 

■ - . " 21 ' 



ERIC 



'porJ^ln Refetenced Tests^ 



21 



procedure was employed: One -half of Ihe 92 responses from experimental , 
passages were randomly selected to be r^ted by, another group of five 

Independent raters. These raters wSre ^iven (1) written Instructions 

- »- 
about the rules for scoring thelresponses^ (2) an example passage, and 

<^ ^ ' ' : ^^^^-^ 

(3) the 46 randomly selected respoases.-. Eafch^ rater individually scored 

all kG responses , then all met as a grou^to review each response in 

order to arrive at a group consensus. These scores (both individual 

scores and group consensus scores) were then correlated with the scores 

awarded by the initial raters. 

^ . : • ■ •. ' 

Rfesul'ts - 

Reliability of Scoring Procedures » 

Consensus of total scores for kS randomly selected experimental items 

as^ determined by the initial group of raters were highly correlated with 

the consensus of t^tal scores f'O'r the same item's as determined by the 

second ^roup of raters, .92. Total scores assigned by each of the five 

raters of the'second group wene also highly correlated with consensus of 

total scores of the initial group of raters, £'s = .9A, .93, '.93, .85, .85. 

Total gcore Analysis - , 

Table 3 presents , means and standard deviations for the covariate ^ 

(vocabulary) and scores for **mai n-poi nt" statements ff*om both practice and 
experlmjsntal 'passages. ||||||||^ 



In-sert Tab'le 3 about here 
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--In an ANCOVA design, the main effie<^^,;J^i rst order "1 nteractions , 
second order Interactions, and;thl^d order mteractlons were determined 
using the pt>oled higher order terms as an estimate of> error (as had been 
planned a priori). The vocabulary score'was us.ed as a covari^te, with 
.the four experimental passage conditions and the practice passage condi- 
tion as the five Independent v^^iables. The total experfmental passage 
score was the iepende^nt variable. The covariate had a Correlation of 
.^5 with total 3core. 

The main effects for *'fit to strategy*' and "direct/indirect'* appeared 
to be reliably different fiom zero ( = 6.39, df = 1,5A,^£< .02 for. "fit 
to strategy"; F = 6.22, df^ = 1 ,5^, £ < , -02^ for "direct/indirect"). A good 
"fit to strategy" and a direct main point statement made the task of finding 
the main point easier. None of the other variables rel iably affected the 
dependen^ variable. ^ 

Since the practice passage variable had been Included only tOj deal 

} 

with what was perceived to be a nuisance factor, the data were collapsed 
across, it and reanalyzed using a four-factor ANCOVA. (as had been planned)- 
The reana lysis led to exactly the same conclusions, with signifi.cant main ^ 
effects for "fit to strategy" ( F = 6.30; df = 1,75; £< -02) and "direct/ . 
'indirect" (£ = 5.31; df =^1,75; £< -03). Compul*ation of an omega squared 
statistic for these two factors indicated that '*fit to strategy" accounted 
for approximately 6% 6f the variance in finding the main point, while 
**direct/indirect" accounted for 
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* 

Subsidiary Analyses * - . - ' 

*" *' 

' Additional analyses were performed using the same f<wr-f actor ANCOVA 
as described ebove, except that ^ree other dependent variables were used-*- 
the part scores on topic, action, and^mod i f ier • For these analyses the ' 
action and modifier variables were recoded so that 0 remained 0, whi le T 
and 2 became ^; this was done to correct the U-shaped' d i stri but ion' of 
^hese measures* As expected, the multivariate test indicated that *'fit 
to strategy*^ and ^'direct/indirect" were the only two reliable effects 
(£ < .01). The "fit to strategy" variable affected the action and modifier 
measure^ but it did not affect the topic measure (£ < .02, £< .01 and 
£< .73, respectively). In contrast, the "direct/indirect" variable sig- 
ni.ficantly affected the tppic meas*ure, but|K<l^ not affect the action 
or the modifier (£ < .001, £ < .93, £ < -72), • ; 

The ANCOVA design again was used to analyze the scores on the four 
detail questions. Since the analysis showed that there was no main effect 
due tq the practice passage condition, a second ANCOVA with the four experi 
meatal factors was performed^ This ana^lysis showed a main effect for only 
"non-supportirtg detai Is" (£ < .05)» Siibjects who read passages with many 
"non-supporting" ideas did less well on the detail questions than did sub- 
jects, who read passages with few non^'-supporti ng Heas. Since (l) this 
main effect -was 5nly marginally significant and (2) the di str*i bution 
characteristics of the dependent variable were rectangular and probably 



violated^,some of the dovariance assumptions, addjtiol^al analyses and 
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The next analysis gives some indication of the extent to, whfch the. 
major findings with respect to the , variables might generalize across 
passages. Recall that each subject received^ practice passage that was 
classified as. either easy, moderate, or difficult (see TabJe.2). The 
•'easy'* passage had (l) three statements of thi main pointy (2) direct state- 
ments of the main point, (3) main point statements located in predictable 
places in the passage, and {k) fSi non-supporting details. The first and 
third of these characteristics were altered for the ^'moderate'* passage 
while all four were altered for the '*di f f i cul t^' passage. ^ Of the 16 exp'eri- 
mental passages, three corresponded to the practice passages in terms of 
these characteristics. By disregarding practice passage scores of those 
17 subjects who responde^^ to these thr'ee experimental passages and by. 
utilizing their experimental passage scores instead, i t was possible to 
analyze performance according to the design in Table ^. Using this two-way 

Insert Table k about, here 

classification, we performed a two-factor ANCOVA with total score as the 
dependent variable and vocabulary score as the,,covar l%te. The passage 
difficulty effecfwas substantial (£ < .OPI) while text (£ > .99) and the 
Text X Difficulty interaction (£ > 29)^ were not. This result suggests 
that the overall effect of the four manipulated variables was consistent 
across texts, while the particular passage used did not affect' performance^ 
Furthermore^ performance on easier passages was invariably superior to 
performance on more di*fficult passages for both texts. 

* 
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Regression Analysis ' . . . . ^ ' 2> 

A potentral payoff associated with the domain referenced approach is 
the prediction of the difficulty of a passage for a p^artioylar. person. 
To investigate this ppssljbi 1 i ty^^^a' regression analysis was. performed in 
which tfie dependent Variable was total, score on FMP and the predictors were 
vocabulary, ^'flt to strategy,*' and '*d i rect/md i rect," . Each of the iattef 
two variables was coded^ or 1. Si ace the resulting multiple correlation 
was .54, the three variable's account*ld for approx'imately 30^ of the vai 
ance in the total scopes, i*3/ocabulary accounted^ for 20^ oT the variance^ 
and the two passage variables ^ac^ accounted . for approxJmat-^ly 5%. The 
standardized regression weights were .kky Al^ and .2.1 for the vocabulary , 
**fTt to strategy;'* and *'di rect/indi rect^pr^dictors, respectively. 

Discussion p ' ' 

This section begins with a^ eva luat ipn of the proposed strategy for 
dev^lopirfg/dgniain referenced tests based on the, results just presented. 
Spme possrble next steps in exploring tfie FMP domain are considered. 
Finally, further explorati^t^ns of Ithe , development strategy are proposed. 

V 

Evaluation of the Development Strategy , ^^^..^ --f 

*' Each of the five component stages: in the strategy for deVelopitig -^ 
domain referenced measuires is evaluat^d below, ^fol lowed" by ^ brief summary 
statement. o ' 

- '• '*./■.■ - . ' 

Domain tHegtif ication . The iHKtfal step^ !n the proposed developiment 
strategy is domarn identification. Earlier, it was stated that 'Mdeally; 
a"* theory of behavior will guide the choice of candidate domains." Indexed, 
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th'e relarlonahip between research, measurement, anjrf educational practice 
Is one of symbiosis. Researchers want to measure the effects oT manfpu- 
latlng presumably-relevant varlabl4s on cer'tain Interesting (and hopefully 
important) outcomes. Thus, meaningful research depends on the Availability 
of adequate outcome measures. In.thlfe context, the outcomes to be measure^ 
are specified (perhaps incompletely, at fj^rst) IJ^ythe theoretlcaNproposl- 
tlons that guide the research. < - ' ^ < 

k 

Some of the outcomes Important in theor.y-bul Idlng may also be shown 
to be relevant to educational practice. In these Instances, again, the 
measurement of outcomes ^erves as a check on the efficacy of Innovative 
educational practice. ' ' 

In both of the above contexts, the development -of domain- referenced 
measures ^s served and Is guided by the needs of the potentlal^users of' 
the measures. However, In the present study we had no potential users 

' J- - ° ' 

cpming to us for help In creating admeasure of a chosen domain. Instead, 
we were trying to antictpate the need for such measures ^and to create 
"procedures, for developing them. Accordingly, our choice of a domain was 
merely an ad hoc attempt at Identifying an Interesting component of reading 
comprehension that could be used try out and refine our development 



strategy. ' . , * 

Under the circumstances, the selection of FMP seem^ to have/been a 
fortunate, one* It provided the, framework for Implementing, the approach; 
It had **face val Idl ty'* to those Interested Irt studying reading comprehen- 
sion; and It permitted us to work through virtually every step of the 
proposed strategy. ^7 * 
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Prototypic item identification . Following the identification of a 
domain, the next task is to locate^or generate items that ^eem ^to represent 

V f * ' ' 

the desired behaviors. Thistmay produce an \jncomfortably diverse arr^ay , 
of *'item forms^" For example, in the present suudy, numerous probes for 
FMP were encountered (e.g., 'The, story mai.nly tells,,.,'* "The be^ title 
i's — "What was the author's purpose?"). It was also discovered that 
main point questions couW hqt meaningful ly be asked of ciertain types, of 
material (e,g,, anecdotes, travelogues). Further, various kinds of main 
points were encountered ^e.g,, theme, topic, moral) which affected the 
utility of identified item's. Thus, the review' of existing measures (proved 
useful to indicate some potentially confdynding variables that might affect 
performance in. the domain. ^ - . ' 

Specification of relevant variables . After the domain has been identi- 
fied and prototypic litems have been located or generated, the next step 
requires that relevant variables be identified which could affect performance 
In the abseace of^a priori theoretical guides, we chose to do this by con- 
suiting the literature, curriculum packages, tests, and reading teachers. 
In addition, we asked students to te^l us how they read to. find the main 
point, arfd we observed students as they did so. Since our list soon in- 
eluded 12 possible variables, we feel corffident that a group of knowledge- 
able teachers, researchers, and/or cdrriculum developers could -quickly 
generate & reliable list of variables, 

^ ' ' , . ' 

operational Izat ion of relevant>var iables . The* next step requires' ^ 
that *Efie^ relevant variables be operational iied. That is, activities or'^ 
operations which quanitfy levels along the. variable continuums need to 



I 



Domain Re ferenceci' Tests - ^^ 
28 



be specified. Problems of several types arise In this kind of aqtlvlty. 

One problem Involves- a matter of preference as each of several models or 

rese'^rch paradigms can lead Individuals to prepare di fferent .operational 

strategies. Theoretically, tHeIr differences could lead to fundamental 

disargreements. ' ^ ^ ~ I 

Another problem arises when the designs become crossed, I.e*, when one must 

♦ 

Interpret the meaning of sdverah def inl t Ions slmultarleously. Sometimes, 

♦ 

nonsense^cel Is which represent non-existant *Veal life*' conditions are . 
produced. For example, while we wanted to use a text that has no main 
point statement, we could not use the condition, "frequency of main point 
statements equals zero." To have a zero main point condition wolilcT have 
negated the variable "direct/indirect statement of the matn point." 

The time dnd ski 1.1 required* to generate the various text conditions 
'is another problem. Selecting and/or writing the passage content, shaping 
the text to conform to the operational variables, and editi^ig the Entire 
discourse to. insure a coherent passage require skill and effort. Large 
scale production of domain referenced tests may not be feasible. 

Col lection'and ana.lysis of performance data^ The final step in, this 
study was the collection and analysis of performance data. Perhaps the 
most important information learned from the data was (1) the empirical 
.verification of the operational i zation of the variables chosen; (2) the ^ 

potency of each variable; and . (3) a description of the relationships among 

► ■ • ** , 

4 

variables. ^ / ^ 

Jhe results of tfiis study showed that the experimental vgrTables 
caused a small (5"'6^ of variance for each of the two significant variables), 

29 . ■ 
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buffeliable (£ < .02) difference In the performance of students on this 

task. 'How large these differences must be before they become interesting ^ 

depends primarily on the decision-making paradigms in which the measures 

wl 1 1 be used.. Needless to say,' at present the differences are not large 
/ t* 

enough to serve'any worthwhile function in decision-making. Ideally, rribre 
insight into t^ nature of thfese variables will enable them to be opera- 
tionglized such that the diff*erences wll P be large or to be discarded 
'because their effects? are too small to merit further .consi derati on. In 
the former case, a regression technique could then be applied to predict 
the difficulty of an i^m. When this can be done, the model will have 

changed' from a dejscriptive one to a predictive one. 

* * ' 

Given that we be^anwith very little knowledge about FMP, the results 

were encouraging. However^ only a*fraction of the needed empi r leal* work 

has been* done. Yet, our data, col lection seemed to- demonstX^e clearly 

' - ■ • ' V • 

the relative* effects of the Variables. The major drawback to this 

^ . - " »• . 

^prqaqh is the cost. Large amounts of subject time, experimenter time, 
■» . ^ - 

and mateVials are needed. 

Summa ry . Jn g'eneral, th^ proposed strategy s.^ems to beva reason- 
able* way. to develop domain referenced tests. By the time a domain has 
been well developed, the evidence to support its psychometric properties 
.should be ample. The only potential^ drawback to the strategy Is the 
large amount of time and resources required to develop the materials 
(operatlonali;fe the^ varlabl^sj and to go through the several model bulld- 
Injg iteratlbrrs, ^ 
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What .Wourct^Be Done Next wfth the FMP -Domain? . 

First, tno^e variables thg||^ have nat systematical ly affected perfor- 
mance would be at least temporarily eliminated, namely, "frequency of 
mainpdint statements" and "number of non-supporting details." They might 
be re-Introduced at some later time to determine whether or not they have 
interactive effects with other variables. ^Second, additional Important- 
variajjles would be incorporated into the model. These might come fvrom 
the list presented in Jable 1. At any^f'ate, the model would eventually 
Include cognitive processing and individual difl^erence variables. Third, 
a sample of otheiV simHar texts would be used so ^hat we can* determine 
how gerteral izable the technique J s. To date we know that it works rather 
well with only two passages. Fourth, a sample of similar Item formats 
(i.e., othe'r than' "The story 'majnly tells*....") would be used to explore 
their impact on the task of FMP. And last, we would need to Investigate 
'other forms of validity of the FMP domain^ 

It IS impoftant to kjeep" i n^mind that this was a pilot effort at 
applying a procedure for developing domain-referenced measures. Jhe pro- 
cedure was a rather effective one for samp^ling and screening variables 
affecting FMP and for creating what was In fact a oner I tern "test." A 
needed next step is to develop a test with multiple, measures per ifid^vi^ 
ual, employing a series of passages for which examinees are to /ind^the 
main point. 'I t^ would then be possjble to apply one or another of the 
teit theory mod^4^ discussed earl leK ill' order to determine^scale values 

for each of the items. Once this seal i^ng was -accomplished, one could 

.* ' *> * . " 

obtain p$ychometrical ly defensible estimates of examinees* ability. 

, 31 ' ^ 
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Suggestions for Future Develd]pment of Domain Referenced Tests 

to raiterate the earlier discussion, we concluded that_ developing 
domain referenced tests is a theoretical, mpdel bui Id ing,,- research 
acti\Aity. The basic steps, in the process are: (1) domain identifica- 
tion, (2) prototypic item identification, (3) specification of relevant 
variables, {k) operational ization of relevant variables, and (5) collec^- 
tion and analysis "of pef^f<^rmance data, De(>^n3^ ng'on the way the variables 



behave 



, steps 3 through 5 arW repeated until performance on domain jjtems 



is predictable and a good met'i^ic 'can be determined. 

r \ ' 

With respect 'to further ref i nementi of a domain, a two-pronged attack 
seems called for. Validation of the tnepry upon which a domain is^begsed 
is intrinsic to our approach to test conatruction. Empirical validatij|n 

. of a domain re\/eals which variables make k d i f f erence*. However, the 
theory a^lso can be enriched from rel ateo^researchl, (For instance, the 
difficulty of finding the main point np douftt depends upon the inferential 
demands of ^ passage. ^EventuaHy^ variables reflecting this characteristic 
should be included in the definitions of the FMP domain.) A point' to be 

/femp^hasized, though, is that the development' of domain referenced tests 
must proceed in parallel with other research*. Because of the ability o 
domain referenced tests to measure an individual's performance witli res- 
pept to. the domain being investigated, it Would be unwise to wait until 
linguists and psychologists believe they have a comprehensive model of 
discqurse structure and prcA;essing. Domain referenced tests could be 
quite useful- to researchers' developing such 9' titodel . 
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In which additional -dolalns should prototy^je test research be done? 

Research on, the cognitive i/rocesses involved In reading with comprehension 

Is reveaJing pote^i^l^lly Important domjai^ns. Examples I nclude,*^ drawing 

pragmatic inferences, detecting failures in comprehension, and taking 

steps to overcome failures In comprehension. The current state of the 

> ' . ^ « 

ar;t in reading education is also a source of Ideas about significant do-' 

mains. A ^ ^ ' > . 

Npw that a case has been made for a fational set of procedures- for 
the development and validation of domalr^referenced tests, are the result- 
ing products of any -use? The' theoret ital and practical applications 
mentioned earlier appear to be relatlvelylstralghtforward. However, 
currently Jmpjement Ing domain referenced tbsts In practical settings m^i^ 
pose some difficulty. .For domain ref^rencad tests of the type we have •> 
been discussing to be effectively utilized in schools, there may have to 
be some changes In typical classroom procedures and.' i.Ti conventional Ideas 
about how tests'-are used In the ongoing educational enterprise. 



ERIC 



33 



( 



Domain Referenced Tests 



33 



References ^-^^ x-^ 

/ 

1 ' * * ♦ 

Dale, E. ^ S O'Rourke, J. A living word vocabulary — the words we know , 

Chicago, 111.: Field Enterprises Educationral Corporation, 
Hively, W. (Ed-); Domain- referenced testing . Englewood Cliffs, N.J.: 

Educational Technology Publ i cat ions, 197-^. 
Lordj'^F. M. , S i^bvfck; M. R. Statistical theories^ of mental te^t scores . 

Reading, Mass.; Add i son-Wesley Publishinrg Co. , •1968. 
McLaughlin, G. H. SMOG grading: A new readabj 1 i t>(, formula. Journal of 

, Reading . I969,.j1, 639-6^6. . ' > 

Science Research Associates. Dimensions in reading — Manpower and natural 

resources. Chicago, 111.: Science Research Associates, J966, 



3i 



Domain Referenced Tests 



-7 i 



3k 



Footnotes 

1965* by the Teachers College Press. Permfssfon to use these' 

item§ is gratefully acknowledged. 

2 ' 
• Because the purpose of, this study was to estimate the effects of the 

'•passage difficulty'* variables on examinees* ability to find the main poiht, 

It was important to statistically control for the Influence of vocabulary^ 

Such control i s^ appropriate in deveilopmental research Intended to yield 

undersrtanding of the characteristics of a domain. After this developmental 

research has been carried out, It is no longer 'appropriate to use ANCOVA 

to analyze test results. 

The use of vocabulary as a blbcking variable -was also considered. Hpw- 

ever, because^of the small number of subjects per cell in this study, Including 

vocabulary as a factor led to a large number of empty cells. Subsequent 

research might be designed to incorporate vocabulary as a factor, but such an 

analysis was not possible in the present study. ' * 
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Table 1 • - 

Variables Predicted to Affect the Difficulty of ^Finding the Main Point* 

.6 



Variable 



Values 



How used 



K Frefluendy^^f statements of 
ma\%y poli|t ^, 

2. StatemeniivM^f main point 

3. Fit ^f passage structure to-— 

A* 

model reading strategy 

A* Non-su0portive ideas , . 

5* Text^i:j^s denoting statement ^ 
, of. mairri^oint 

6, Text cties denoting details 

7. 

8. 

9. 

10. 

n. 

12. 



4? 

Vocabulary 
Syntax 
Structure 
Style 

Passage length 
Number of maliv, points 



High or low Manipulated 

, Direct or indirect ^ Manipulated 

Good or poor Manipulated 

Few or many ^0^L^ y Manipu^lated^ 

Present or absent .Constant 

Present or absent ' Constant 
Simple or difficult Constant- 
Simple ^r complex Constant 
' [Nested or^ flat - ' tonstant 
Narrative or argumentative Constant 
Short or long ^ ' Constant* 
Zero, one or 'more \ ConstaryC 



36 



Characteristics of the Practice Passages 



Frequency of main polnt^ 
statements ^ 


Statement 


of matn point 


Fit of 
model 


text structure to 
readlnjg strategy 


Ideas non-supportive of 
the mgin point 


Passage No. ' Low^ 


High 


Indi rect 


Direct 


Poor, 


Good 


Many Few 


1 ("Easy") . 


X ■ 




' X 




X 


X 


2 ("Moderate") X 


• 




r~ • 

X 


X 

0 




-^X 


3 ("Difficult") X 




X 




X 




X 



ON 



(P 
-h 
(P 

zs 
o 
(P 
a. 



rt 
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Table 3 • - , 

Heans and Standard Deviations of the Dependent Variables and Covariafe 



Variable 


Possibl 


e range 


Mean 


Standard Deviation 


Vocabularv tpst 


0- 


•20 




I 

' ^ 2,8]\ 




Practjce passage. 












Topic score 


0- 


2 


1.80 




Action score 


0- 


-2 


1.05; 


0.92 


Modifier score 


0- 


■2 


. 0.77 


0.96. 




Total score. 


0- 


•6 


3.58^ 


1.56 


Experimental passage 






m 




Topic score 


0- 


•2 


1.27 


^.63' 


Action score 


0- 


•2 


i.'so 


0.82 


Modifier score 


0- 


•2 


0.66 


' . 0.8k 


Total score 


0- 


•6 


3.28a 


*1.57 



^'^Total score'* is not equal to the sum of the three component scores 
because deductions 'were made for the inclusion. of extraneous material in 
an otherwise correc]0 or partial ly-rcorrect response. 
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Table k 



Two-Factbr Design Used to Confirm Predicted Passagfe Difficulty 



D iff faculty category 



Easy 

Moderate 
Difficult 



Passage 



f ract tee 



n « 27 
n =-^25 
n = 23 



txperlmental 



n = .5 
n = 6 
n = 6 



^40 



>^ , Domain Referencec^* Tests 

, ^"'^^ ' ' 39 ■ - 

>^ , Append IX ^ 

- Pr dc L l ce Pa ys'jg gs ; , r; : ^ : T;, ^ ^0-42 " — 

Experimental Passage Classifications :\ v. ...43 

Experimental Passages TTT. ..... 44-59 

'■■ r. • . . , ■ 
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"Easy'' 



As time^asses, more dnd iiiuie bald eagles ^re being seriseTeTsTy" ~" 

kir^d by humans. So many ar^ being killed that the danger of bald eagles 
becoming extinct is^ulckl^ Increasing, We must take steps to prevent 
our nation^s symbol Ti;gm dying 'out • ' 



96k ■ 

News of their deaths appeaTfljPery often. Recently In a midwestern 
state, a^man saw a giant AmericariTDald eagje ^ci rcl ing high in the sky. 
He was one of those so called sportsmen who kill anything In ^ight«" He 
quickly stopped his car, aimed, ^nd brought the^mlghtf bi rd down with one 
shot. Then he drove of^f, having made his kill. , 

Another example occurred 'rn Florida, Two boys found an eagle's nest 
in a lonely pine. They climbed up to see if there -were any eggs in it. 
There were two. The boys tossed them down -splatter on the ground. 
Th^ result: two eagles- that would never be hatched. \ ^ 

t 

The' fact is that acts such as these have made the bald eagle almqst 
extinct. At last count there were fewer than ^tfOO^-iri rds , and the numbeV 
is getting smaller all the time. * 

Lots of nonsense is spread about the bald eagle. Some ?ay it is a 
fierce thtef that sweeps dpwn to carry off- pets, poultry, and^even 
children. Some think it is a clumsy,, cowardly creature that lives by ^ 
stealing. Both views are wrong, but the views lead to trouble for the' 
bald eagle. 

In Wyoming a group of c-hicken farmers we-re angry about the loss of 
few chickens. They banded together to get the suspected culprit--the 
bald eagle. Armed with rifles, the group rode Irfto the hills and shot 
every eagle they could find. Later they learned that a vJ^lfl dog had 
stoken the chickens, but it was t6o late. Twenty-three bald eagles were 
dead. , * ' v 

• \l ■ ' 

Bald eagles are al?o endangered by mistaken killings and. careless 
acts. If mass murd^ of the mighty bald eagle does not stop soon, we % 
wiM lose it foreyi^r^^ We sre having our last chance to s^ve the bald 
eagle. . * " » 



42- 



Domain Referenced Tests 
ill 



"Moderate" 



fteeerrtly tn - a- nn - <iwestern a tatc, a man saw a g ia n t A m erica n bald - 



eagle circling high in the sky. He was one of those so-called sportsmen 
who kill anything in sight. He quickly stoppefd his car, aimed, and brought 
the mighty bird down with one shot. Then he drove off, having made his 
kilT, ^ 

>' • Florida two boys found an eagle's nest in a lonely pine. They, 
climbed up %o see If there were any eggs in It, There were two. The 
boys tossed them down^to splatter on the ground. The result of^these 
stories: one' bird dea^t aad two that would never be hatched. 

Lots of nonsfense is spread about the bald ^g'le. Some say it is 
a *f ierce^'thief that sweeps down to carry off pets, poultry, and even 
children. Some think if^ls a clumsy, cowardly creature that, Mves by 
stealing. Both these- views aV^e' wrong, but some people try to kill eagles' 
because, they believe those ideas. 

In Wyoming, a gr^oup of chicken farmers were angry at the loss of a 
few chickens. They banded together to get the suspected culprit — the ^ 
bald eagle- Armed with rifles, the group rode high into the halls and 
shot every bald eagle they could^ind. Later the^y learned that a wild 
dog had stolen the chickens, but nt was too llate. Twenty-three bald . * 
eagles were dead. \ * ' 

' ■ ' ) '* 

Acts like these, year after yearr, have made the bald eagle almost 
extinct^ At last count there were fewer than ^,000 of the' birds, and 
the number is getting smaller ^11 the time. We must take steps to prevent 
the bald eagl'e from dying out entirely. ^ ' . 

Often, ^bald eagles are killed because of mistakes and carelessness. 
When young, bald eagles look quite *,bit like the golden eagle. Golden 
eagles are not protected by* law like the bald eagle is. Some people 
have mistakenly killed a bald eagle when they thought they were shooting 
a golden e^gle. • , 

Bald eagles e^t- mice and rats and other pests. People often use 
poisons to help get rid of such pests. *But if an eagle eats a mouse 
that has paison in it, tjierv the eagle. will also^^^e accident ly pcisoned. ( 
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"Difficult'" 

Recently In a midwestern state, a forty-two year nIH p v^hitctn^ccmflr^ 



saw a giant .American bald eagle circling high In the sky. He waS pn^ of 
those so-called sport^mer^ho kill anything in sight. He quickly stopped 
his car and puHed out th^gun* he had recently purchased in a local super- 
market. He aimed and brpught the mighty bird down with one ?hot. Then 
Ije, drove off having ma'de ^Is kill. 

» Lots of nonsense fs spread about the bald eagle./ Some say It Is a 
fierce thief that sweeps dpwn to carry off pets, poultry, and even* chi Idren. 
Some think it is a clumsy, cowardly creature that lives stealing. Those 
are not true |?eliefs, bu^ some people ktll bald eagles anyway. Actually, 
the eagle is ^ ineat-ea ting: bird that lives on animals. 

KflTing^ a baTd eagle ^s prohibited by law, but t6p friany people are 
.y/illing to rilsk the $500 fV»e» Of course there are always the gun-happy 
^hunters- anfi those who are'^wnply careless. ^ . ^ 

The , bald, eagle .is oms.of the largest birds we have. Its wings cah 
^each seven feet across, and It may weigh up to tea pounds. An eagle can 
dive, at 60 miles ^ hour; in fact, some e^agles have. been clocked at an * 
Astounding, 100 mines' an hour. The eye sight of an eagle is outstanding; 
one was once/seen div'ing for a fish floating on a lake a full three miles ^ 
aw^y. ^ . ^ 

Each ye§r, the national park system makes an effort to count the 
nucriber of'bald eagles living In the Uni ted States . In 1962, roughly 
6,000 birds were counted by the'park system employees. .In 1968, the count 
^was even less than ^',000 birds: ParJ^ rangers fear the count may never 
stop decreasing. . 

Theobald eagle js^ beautiful and mighty bird. Perhaps that is why 
-the foupders^bf our country chose it to be the natiohal symbol. Its 
image Qan be seen on money, like the quarter^ or the one dollar bill, 
and is even found on the seal of the President ojp the United States. 
^ Some Indians used to wear fts feathers, to show acts of braverV like' 
Soldiers we^r medals today; ^ ' , 



Experimental Passage Classifications 



*5 

Frequency of main point * Fit of text structure to Ideas ndn-supportFve of 

' . ' ' statements Statement of main pojnt ^ model reading strategy ^ the main point 

Passage ' j 

verVion Mow High Indirect Dj/rect Poor ^ Good Many ^ ^ Few 

: ' • ^ ' 7^ — : : ^ 



X ■ • X ' ^ ^ 

"X X ^ 




C X X.x:? ^ \ 

D-X X"X ^ X 

E X ' • X • , X , X *. 

F ' ;( • -X •• ' X . X, • 

G- ' X ' XX -X 

. ■ 

H ' X' . • . ' ' X . X ' X 

4 , • X X > • • - X X 

- J X ' X ' ' . / X V Xr" 

K " ' X X - s ^( • ' ' / X 

, L ' X . , ' X , . ' , X ■ • ■ ' . ' • X 

M X X • ■' . • . X X ,^ . 

. X ■ X _ . , ' X 'X' . 

0 . ' X X , X * X r ' 

•. ' . - ■ 

• P X * X X .' .X 
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One of the rao3t difficult of all bri<ige -building feats was 
accomplished twenty years ago when a bridge called "Big Mac" was con- 
structed in northern -Michigan. The task was so difficult that most 
^people had ^aid that the bridge could not be built. . But hundreds of 
people worked hard for several ^*^ars, and eventucilly the bridge was 
ccMnpleted. ^ , . 



A blc| pjLObi^eiu Wds t hat Uie brldyiit Udd to be built ovei a sj uip uj. 

water that is both very deep and, very wide. The strip of water, called 
the Straits of Mackinac, separates Lake Michigan ^f ran Lcike Huron and 
also divides the state of Michigan Into two parts • In some placed the 

, water is almost 400 feet deep, and the two parts of the state lie. 
almost four miles apart: ^ . * . 

Another problem wars that the winds that blow through* the straits 
are ve% strong • It is not uncommon for wind speeds to reach 75 miles ^ 
per* hour, especially during the winter season. Many people said that 
no bridge would be sttong enough to withstan^d the strong wind^. 

Large waves wetre arlso' a concern to the bridge builders 1 wHen the 
winds are blowing the stronges^t,, the waves on the top of the water can 
become quite big. At one time so foany boats were being damaged by the 
waves'that the United States Coast Guard was forced to forbid all 
pleasure-boating 6n the Straits-Except when the* water and the wind 
.both calm. * • 

• ^ / 

* During part of the year, winter builds its own bridge between ^ ' • 
the/ two parts of Michigan. This bridge, however, is not safe enough" » 
for* vehicles to cross over. It is made oiit of ice. With winter^s as ' i 
fierce as they are in northern Michigan, the grinding ice could tK>ssibly 
damage the bridge. * - 

Still, engineers began ^ work on the many problems. They decided 
that the difficult job could be' done . They would build a suspfenfeion ^ 
bridge. (This is a bridge in which the roadway is hung, or suspended, 
from great cables. The cables are supported by tall towers.) The 
bridge would be five miles long, and the suspension parts would be the 
longest ever built. 

People also said a bridge would cost too ^much-^one hundred million 
dollars. How would the state pay for it? It was decided th^t money 
would be raised by selling bonds. The bond buyers would be paid back 
by all who used the bridge. Cars, trucks^ and buses would pay ^ toll 
when they crossed the bridge. 

In order to build the bridge, the engineers determined that tjiirty- 
four underwater supports, called caissons, would have to be sunk down 
through the water and mud to solid rock. Each/^d to be placed within * 
less than an inch of the right spot. Otherwiser^ the steel parts being 
made elsewJ^ire would not fit. The job would be tricky, but they said 
they could it. zt 

So they went to 'work, ^arts of the bridge were built in mills » 
and shops all across the country. ^ The pieces of the bridge were 
/Shipped to the Straits to be put together. They came on railroad 
cars, 'on 'barges, towed by tugs, and on l^arge ships. 

The caissons wer^ put ih first. •Next the s|:eel cable towers, 
tall 'as fifty story buildings were built.'' Then the two cables .that 
would support the road were spun. , A total of 12;5S0 wires had to be 
squeezed into each round cable to make tWem strong enough. The cables 
were put iil place, huge steel frames were hung from the cables, and ^ ^ 

the roadway was built. 

On Labor Day, 1957, ^Big Mac" was officially opeped^ to traffic. 
The bridge that many thought would never^be built had been built. All 
the many problems that made building ..the 'bridge so difficult had been 
solved. ' . ^ 
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" One of the ;nost difficult of all bridge-building feats was 
accoirtplished, twer^ty years igo wheiV a bridge called "Big Mac" was con- 
structed in northern Michigan.. The task was so difficult that most 
people had said that the bridge could never be built. But hundreds 
of p^k)ple worlc^d hard for several years', and eventually the bridge 
vao eWpleted* — '■ — "-^ — ' o \ ^ 



The bridge had to be built over a strip of waterVthat^ is both ver;^ 
deep an(3 very wide. The strif) ot water,, calle'd the Smraits of 
Mackinac^ sep arat es Lake Michigan from Lake Huroo and also divides the 
stat^ of Michigan into two parts. In^ some places the vJtater is almost 
^ 4Q0 feet deep, and the two pa;cts of tjie state lie almost: four miles 
apart. ^ " 



The winds that blow through the Straits are very, very strong.* 
- It is not uncommon for wind speeds to reach 75 miles per )hour, • 
especially during the winter season. Many' people? said that no 
bridge v/ould- be strong enough tp withstand the strong winds. 

• • • ' . * •\ 

Large waves were a concerr\ to the bridge buildprs. When the winds 
.^i, ^i^e^lowing the strongest, t^he w^ves on the top oJE the water can become 
' • fifuite big. At one time so many boats were being jdamdged by the waves 
*tjiat the United States Coast puard was' forced to forbid all pleasure- 
boating on the Straits except when the water and. the wind were^ both calm. 

During part of the^year, ^j^inter builds its own bridge between the 
> • *two parts of Michigan. This bi;^idge, however, i& not safe enough for 
vehicles to cross over. , it is made out of ice. With winters as fierce 
as they aire in northern Michigan, the grinding ice* could possibly 
damage a bridge. . 

The ^engineers assigne<5 to study the possibility of building the 
bridge decided they would build a suspension bridge. (This is a bridge 
in which ^he roadway is hung, or suspended, from great cables. The 
ca^^les' are supported 6y tall towers.) The bridge would be five miles 
long, and the s us pen siprK parts would be the longest ever built. 

People said a bridq^s^<puld. cost too much — ^one hundred million 
dollars, flow would the stat« pay for it? It w^s decided that mofiey 
would be raised by selling bo^ids. The bond buyers would be paid back 
by all who used the bridge.. Cars, trucks, and buses would pay a toll 
when, they crossed the bridge. 

„ J ^ In order to build the bridge, the engineers determined that 

thirty-fx>ur underwater supports, called caissons, would have' to be sunk 
down through the water and mud to solid rock. Each had tp, be placed 
V^ithin less than an ihch of the right spot. Otherwise, the steel parts 
being made elsewhere would not fit. The job would b>e tricky, but, they 
said they could do it*. • . , 

♦ * ' « 

So they went -to work. Parts of the bridge were built in mills and 
shops all across th^ country.^ The' piecJfes of the bridge were shipped to 
.the. Straits to be put togethet. They came on railroad cars, on barges 
towed by tugs, and' on large ships. v 

The daissons were put in first. Next th^ steel cable towers, tall 
as fifty story buildings, were built. Then the two giant cabl-es tnat 
would support the road were spu^. A total of 12,580 wires had,to>be 
squeezed into each round cabie^to make them strong enough. The cables 
were put in plaqe, huge ^steel frames wer6 hung from the cables, and the 
' r.oadway was. built:. ^ , ' . ' 

ij On Labor Day, 1957, "Bic M^c** was officially opened to traffic. 
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Today cars, trucks, and buses can cross the bridge in ten minutes. 
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Between the towns of Macknaw Cirty, and St • Igftclce ,in Michigan lies 
a strip of water called the Straits of Mackinaa* * It separates Lake 
Michigan from Lake^uron and ^Iso divides the state of Michigan into 
two parts. In some places the water is almost 400 feet deep, and the 
two parts of the state lie almcist four miles apart • 

A major problenv through there is that the winds are very,' very 
strong^ It is not uncommon for wind. speeds to reach 75 miles per hour, 
especially during the winter season. Many people said .that a bridge 
built across the Straits would -not be strong enough to withstand^ the 
strong winds. ^ ♦ . * * 

Large waves can also be a problem in the Straits of Mackinac. 
When the winds are blowing the strongest, the waves on the top of the 
water c^n become, quite big. At one time so many boats were being i 
damaged by the wav^ that the United States Coast Guard was forced to 
forbid all pleasure-boating on th^ Straits except when the water and 
the .wind were both calm. - 

^en 'a bridge, nicknamed "Big Mac" was constructed across the 
Straits twenty years ago, .'one of the most difficult of all bridge- - 
building feats was .accomplished. The task was so difficult that most 
people had said that the bridge could, never be built. Biit hundreds 
of people worked htird fo;r several years, and eventually the biridge 
was completed. I » 

During part of the year, winA:er builds its own bridge between the 
two parts of Michigan. This bridge, however, is not safe enough for 5 
vehicles to cross over. It is made out of ice. With winters as fierce 
as *th€ty dte in northern Michigan, the grinding ice could posgibly 
damage a bridge. 

The engineers assigned to study the possibility of b 
bridge depided that they would build a suspension brid 
bridge in which the roadway is hung, or suspended, frj 
The cables are supported by tall towers.) The bridge woul'd 
miles long, and the susi>ension parts would be the Jtogest ever built. 
There were many problems to deal with in building fnis bridge, but the 
engineers decided that the difficult job coul^ be don^. 

• «i 

People also said a bridge would cost too much — one hundred million 
dollar;5. How would the state-pay for it? It was decided'that money 
would be raised by selling bonds. The bond buyers would be pai^ back 
by all who used the bridge. Cars, trucks,- and buses would pay a toll 
when they crossed the bridge. , 

In order to build the bridge, the engineers determined that thirty- 
four underwater supports, called caissons, would, have to be. sunk down 
through the water and mud to solid rock. Each had to be placed within 
less than an inch of the right spot. Otherwise the steel parts being 
made elsewhere woUld not fcit. The job would be tricky, but they said 
they could do it. ^ - 

On Labor Day, 1957, "Big Mac" was officially opened to 'traffic. 
The bridge that many thought could never be built had been built. All 
the maoy problerasr that made building the bridge ao difficult had been 
solvefe. 

■< . ' ' ' - ' 

Parts* of the bridge were bui^lt in mills and shops all across the 
country. The pieces of the bridge were shipped to the Straits to be 

ut together. They came on railroad cars^^^on bargeS towed by tugs, ^d 
on large ships. - / ^ 

The caissons were put in first. Next the steel cable towers, tall 
as fifty story buildings, were built. Then the two giant cables that 
would support the r-ostd were spun. A total of 12,580 wires had to be 
squeezed into each ^ound cable to make them strong enough. The -cables 
were put in place, huge s'teel, frames were hung from* the cables, and the 
roadway was bjUilt. 
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Between the towps of Mackinaw City and St. Ignace in Michigan lies 
a Strip of water called the Straits of Mackinac. It separates Lake. 
Michigan from Lake Huron and al§o divides the state of Michigan into two 
parts.' In some places the water is almost 400 feet deep", and the. two * 
parts of the state lie- almost four miles apart. 

Tfte winds tnrougn tne Strait^ ot MacKinac are very, very strong. It 
is not uncommon for wind speeds. to' reach 75 mileff'per hour, especially 
during the winter seasoi). Many people ^said thatfe bridge built across the 
Straits would not be. strong enough to withstand the strong winds. 

Large waves can be a problem in the Straits of Mackinac. When the 
winds are*blowinq the strongestic the waves on the top of the water can'_^ 
become quite big.' At one time so many boats were being damaged by the 
waves that the United States Co^ist Guard was forced to forbid all pleasure- 
boating on the Straits except when tt^e water and the vJind were both calm. 

i ' ' . 

When a bridge nicknamed "Big Mac" was constructed across the Straits 
twenty years ago, one of the mo^t*dif f icult of all bridge-building feats • 
was accomplished. The task was 'so difficult that most people had said 
th^t the bridge could never be built. But hundreds of people* worked hard 
for several years, and eventually^ the bridge was completied. 

During part of the year, winter builds its own bridge betwfeen the two • 
-psffts of Michigan. This bridge^ however, is not safe enough for vehicles 
to cross over. It is made out of ice. With winters as fierce as they are 
in northern Michigan, the grinding ice could possibly damage a bridge* 

The engineers assigned to study the possibility of' building the 
bridge decided they would build'^a suspension bridge. (This is a bridge 
in which the roadway is hung, or suspended from great cables. The cables 
are supported by tall towers.) ^The^bridge would be five miles long, and 
the suspension parts would be the longest ever built. * 

, People said a bridge would cost too much--one hundred million dollars! 
How would the state pay for it?. It was decided that money. would be raised 
by selling, bonds. The bond buyers would be paid back by all who used the 
bridge. Cars, trucks, and buses would pay a toll when they crossed the 
bridge. 

In order to build the bridge, the engineers determined that thirty-four 
\inderwater supports, called 'caissons, would iiave to be sunk down through 
the water and mud to solid rock; Each had to be placed within less than 
an inch of the right spot." Otherwise the steel parts being made elsewhere 
would not fAt. The job would-be tricky, but they said the/' could clo it. 

Oh Labor Day, 1957, "Big "^Mac" was officially opened to traffic. Today^ 
cars, trucks, and buses c^n cross the bridge in ten minutes. 

Parts of the bridge were built in mills and shops all across the 
country. The pieces of the bridge were shipped to the Straits to be put 
together. They came on railroad cars, on barges tpwed by tugs, and on 
'large ships* 

The. caissons were put in f^st. Next'the steel cable towers, tall 
*as fifty story buildings, were %ilt. Then the two giant cables that 
woulrf support, the road w6re spunJ A total of 12,580 wires had to be 
squeezed into each round, cable to make them strong enough. The cables 
w^re put in place, huge steel freimes were hung from the cables, and the 
roadway was built. 
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One of the most difficult of all bridge-building feats was 
accomplished twenty years ago when a bridge ca^ed "Big Mac" was con- 
structed in northern Michigan. The task was s^difficult- that most 
people had said that the bridge could never^ be J)uilt» 

A big problem was that the bridge had to be built over a strip of ' 
wat^ that is both very deep and very wide. Tie str ip of water^ called 
, .the Qtraitb u£ MackindC/ se parates i^ke" Micliigan from Laxe Huron, two 
of'^the five Great LaTces, all of which ar^ located on the northern border 
of the continental United States, It al^ divides the state of Michigan ^ 
into two parts. These parts are called the Upjper and Lower Peninsulas. 
In some places thte water is almost 400 feet deep, and* the two parts of 
the state lie almost four miles apart. * % ^ ^ 

Another big problem was that the winds that ^low through the Straits 
are very strong • It is not uncaonmon for .wind speeds to reach 75 miles 
per hour, especially during the cold winter season. Michigan's wintei;s 
are the fifth cpldest of all states, with an average seasonal snowfall 
'.of 172 inches. Many people said that no bridge would be strong enough 
to withstand the strong winds. 

Large waves were also a^concern to the Ipridge builders. When the 
winds are blowing the strongest, the waves on the top of the water can 
become quite big. At one time so many boatfs were being damaged ^y the 
wave? that the United States Coast Guard was forced to forbid all 
pleasure-boating on the Straits except when the watejr and the wind 
were both calm. _ 

Each day members of the Coast Guard constantly pionitor weather 
conditions. They inform boaters whether or not it ia safe to go out on 
the Straits. ^ Weather forecasts and .Coast Guard recommendations are 
announced over the ra<3io* every half hour. Different colored flags are . 
raised over the Coast Guard stations to signal specific weather condi- 
tions to the boater ft. 

The engineers* assigned to work on a bridge that would cross the 
Straits began to work "^on the many problems^. They decided .that the 
difficult job could be done. They would b\fild a suspension bridge. - 
(This is a bridge in which the roadway is hung, or suspended, from great 
cables. The cables are supported by tall towers.) The bridge would be 
five miles long, and /the suspension parti wou^d be the lojigest ever built 



People also said a bridge would cost too much — one hundred misaioiu_ 
dollars. How would the state pay for it?* It was decided that moiley 
would be raised by selling bonds^ The bond buyers would be paid back 
by all who used the brid^^. pars, trucks, and buses would pay a toll 
wheji they crossed the bridge. ' ' * * 

Inrorder to build the bridge, the engineers determined that 
thirty-four underwater supports, called caissons, would have to be sunk 
down through the water and mud to solid rock. Bach had to be placed 
within less than an inch of the right spot. Otherwise, the steel parts . 
being made elsehwere would not fit. The job would be tricky. * 

The builders went to work. Parts of^ the bridge were built in mills 
and shops all across^ the' country. No stone or brick was to be used in 
the bridge. Bridges* of years ago were exclusively made of such materials 
The pieces of the bridge j^ere shipped to the Straits to be put together* 

The caissons were put in first. Next the steel cable towers, tall 
as fifty story buildings, were built. Then the two giant cables that 
would support the road were spun. A total of 12,580 wires had to be 
squeezed into each round cable to make them strong enough. The cables 
were so strong they could hold enough two-ton trucks to make a line 150 
miles long. The cables were put in place, huge steel frames were hung ' 
from the cable's, and the roadway was built. 

On Labor Day, 1957, '**Big Mac" was officially opened to traffic/ The 
bridge that many thought could never be built had be^ built. All the 
many problems that made building the bridge so difficult had been solved. 
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One of th^ mos^t -cJif f icult of all bridge-buil'ding feats was 
accomplished twenty years ago when a bridge called "Big Mac" was con- 
structed in northern Mrchigan. The task was so difficult that most 
people had said that the bridge could never be built. - ^ 

The bridge had tp be'built over a strip of water that is both very 
deep and very wide. The strip of water, called the Straits of Mackinac, 
separates Lakd Michigan from Lake Huron, two of the five Great Lakes, all 
of which sre located on the northern border of the continental 
UTiited States. It also divides the state of Michigan 'into two parts. 
These parts are called the Upper and Lower Peninsulas. In some places 
the water is almost 400 feet deep, and the two parts of the state lie 
almost four miles apart. 

The winds-'that blow through the Straits are very* very stj'ong. It 
is not uncommoh for wind speeds to reach 75 miles per hour, especial;ly 
during the cold winter season. Michigan's winters are the fifth coldest 
of all states, with an average seasonal snowfall of 172 inches. Many 
people said that no bridge would be strong enough to wi^thstand the strong 
winds. . 

Large waves were a concern to the bridge builders. When the winds 
are blowing the strongest, the waves, on the top of the water can become,** 
quite big. At one time so many boats were being damaged by the waves 
that the United Spates Coast Guard was forced to forbid' all pleasure- 
boating on th*e Straits except when the water and, the wind were both calm. 

Each day members of the Coast Guard constantly monitor weather 
conditions. They inform boaters whether or not it is safe to go out on 
the. Straits. Weather* forecasts and Coast Guard recommendations are 
announced over the radio every half hour. . Different colored flags are. 
raised over the Coast Guard stations to si^$:)al specific weather condi- 
tions to the boaters. C 

The engineers assigned to study the possibility of building the 
bridge decided they would build a suspensior; bridge\^ (This is a bridge 
in which the roadway is hung, or suspended from great\cables . The 
cables are 'supported by tall towers.) The bridge woula\be five miles 
long, and the suspension parts would be the longest ever built. 

People said a bridge would cost tod much — one hundred million 
dollars. How would the state pay for it? It was decided that money 
wou^d be raised by selling bonds. The bond buyers would be paid back 
by all who used the bridge. Cars, trucks, and buses would pay a toll 
when they crossed the bridge. 

In order to build the bridge, the engineers .determined that thirty- 
four underwater supgports called caissons would have to be sunk down 
through the water and mud to solid rock. Each had to be placed within 
less than an inch of the right spot. Otherwise the steel parts being 
made elsewhere would not fit. The job would be tricky. 

The builders went to work. Parts of the^bridge were built un mills 
and shops all across the country. No stone or brick was to.be used in 
the bridge. Bridges of years ago were exclusively made of such materials, 
The pieces of the bridge were shipped* to the Straits to be put together. 

The caissons were put in fjlrst. Next the steel cable towers, tall 
as fifty story buildings, were built. Then the two giant cables that, 
would support the road were spun. A total of 12,580 wires had to be 
squeezed into each round cable to make them strong enough. The cables 
were so strong they could hold enough two-t^on trucks td make a line 150 
mileg long# The cables were put in place, huge steel frames were hung 
from the cables, and the roadway was built. 

On Labor Day, 1957, "Big Mac*^ was of ficially opened to traffic. 
Today cars, trucks, and buses can cross ^^^j^ bridge in ten minutes. 
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Between t'he towns of Mackinaw City arid .St. Tgnace .in MichigM lies 
a stri^ of ywater called the Straits of Mackinac. It 'separates Lake 
Michigam £rom Lake Huron, two of the five Great Lalces, all of which are 
located prj the northern border of the continental United States. It 
also diviues the state of Michigan into two parts. These parts are 
called Upper and Lower Peninsulas. In some placers the water is alirost 
400 feet deep, and the two parts of the s.tate lie almost .four miles 
apart. * ' 

'-^A major problem through there is that" the winds are very, very' 
strong. It is not uncommon for .wijid speeds to reach 75 miles per hour; 
especially' during the cold winter season. Michigan*^ winters arfe the 
fifth coldest of all states, with an average seasonal snowfall of 172 
inches. Many people said that a bridge built across €he Straits would 
be strong enough to withstand the strong winds. 

Large waves 'can also be a problem in the Straits of Mackinac. When 
the winds are blowing the strongest, the waves on th^ top of the water 
can become quite big. At t5ne time so many boats .were being damaged by. 
the waves that the United States Coast Guard was forced to forbid. all 
pleasure-boating on, the Straits except when the water and the wind 
were poth calm. ' » ' , ' 

Each day members of the Coast Guard constantly monitor weather 
conditions. They inform boaters whether or not it is safe .to go out on 
the" Straits. Weather forecasts and Coast Guard recommendations are 
announced over the radio every half hour. Different colored flags are 
raised dver the Coast Guard stations to signal specific weather conditions 
to the boaters. 
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The engineers assigned to study the possibility of building the 
bridge decided they would bulled a .suspension bridge. (This is a' bridge 
in which the roadway is hung, or suspended, from great cables. The 
cables are supported by tall towers.) The bridge would be five miles * 
long, and the suspension parts would be the longest ever built. There 
were many problems to deal with in building this bridge, but the 
engineers decided that the difficult job could be done. , ^ 

People also said a bridge would cost too much — one hundred million 
uwj-lars. How would the state pay for it? It was decided that money 
would be raised by selling bonds. The bond buyers .woi/Ld be paid back • 
by all who used the bridge. Cars, trucks, and buses would pay a toll 
when they crossed the bridge. / 

^ In order to build the bridge, the engineers>d^ermined that thirty- 
four underwater supports, called caissons, wouJn have to be sunk down 
through the water and mud to solid rock. Each had to be placed within 
less than an inch of the right spot. Otherwise the steel parts being"^ 
made elsewhere would not fit. The job would be tricky. * ^ 

On Labor- Day, 1957, "Big Mac" was officially opened to traffic, 
he bridge that many thought could never be built had been built. . v 
A111 the many problems that made buiJLding the bridge so difficult had 
be^ solved. ^ ^ ^ * 

Parts of the bridge were built in mills and shops all across the 
country. No stone or brick was to be used in the bridge. "Bridges of 
years ago were exclusively made of such materials. The pieces of the 
bridge were shipped to the Straits to be put together. 

The caissons were put in first. Next the steel cable towers, tall 
as fifty story buildings, were built. ' Then the two giant cables that 
would support the road were^spun. A total of 12,580 wires had to be 
squeezed into each round cable to make them strong enough. The Cables 
were put in place, huge steel frames ^re hung from the cables, and the 
roadway was built. 53 " ^ 
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^ Between the", towns of Mackinaw City and St, Ignace in Michigan lies 
a strip' of water called the ^traits of Mackinac. It separates Lake 
Michigan from Lake Huron, . two of th^^ive Grea-t Lakes/ all af whioh are 
Icjcated on the northern border of ti^^continental United States,, -It 
also divides the state of Michigan into two parts, " These parts' are • 
called the Upper and Lower jPeftinsulas. In sotoe places the water is 
almost '400 feet deep, and the two parts" of the state lie almost four 
miles apart. * ' * 

The winds that blow thi;ough the Straits are very, very strong. It 
is not uncommon for wind" speeds to reach 75 miles per' hour, especially 
during the cold winter season. Michigan's winters are the fifth coldest 
I of all states, with an average seasonal snowfall of 172. inches. Many 
people said that a bridge built across the Straits would not be strong 
enough to withstand the strong winds. ^ . ' 

Large w^Ve3 can be a probiem in the .Sl:raits of Mackinac. When the 
\^nds are blowing the strongest /" the waves on the top' of the water can 
ollpme ^uite big. At one "time- so many boats wer^ being damaged by the 
waves that the United States CCiast Guard was forced to forbid a,ll 
pleasure-boating on the Straits except wh€H\ the water and the wind 
were both calm. ^ ) 

<■ 

Each day meinbers of the Coast Guard cphstantly monitor weather 
conditions. They inform boaters whether or not it is safe to go out on 
^the Straits. Weather forecasts, and Coast GtJard ^recommendations are 
announced over the radio every half hour. Different colored flags are 
raised over the Coast Gua'rd sta.tions to signaL specific weather 
conditions to^the boaters. 

When a bridge nicknamed "Big Mac" was cohstructed across the Straits 
twenty years ago, one of the most difficult Of all bridge-building feats 
was accomplished. The task was so difficult that^ost people had said 
that the bridge could never be built," ' ^ 

.The engineers assigned to study the possibility of building" the 
bridge decided they would build a suspension h^S^ge . (This is bridge 
in which the roadway is hung, or suspended, from great cables. The 
cables are supported by tall towers,) The^bridge would i^e five miles 
long and the suspension parts would be tly©' longest ever built, 

Peo^>le said a bridge would cost to^ much — oi^e hundred mill^ion 
dollars i How would the state pay for it?' It was declined that money 
would be, raised by selling bonds. Th^'^ bond buyers wooild be* paid back 
by all who used the bridge, .Cars, 'trucks, and buse.s would pay a toll 
when they~ crossed the bridge, * ^ 

In order to build 4:he bridge, the engineers determined that 
thirty-fpur underwater Supports, called caiss9nfe, wouldr^iiave to be sunk 
,^own through the water and mud to solid rock. Each had to ,be placed 
within less than an i^ch of'^the right spot. Otherwise "'the steel parts 
being» made els^tS^here, would .not fit^ The^job would be' tricky* ^ 

Parts of the bridge were built in^^ills and shops all across the 
country. No stone, or brick was to be used in the bridge. Bridges of 
years ago were exclusively .made of • such materi^als. The pieces ojE the 
brid^e were shipped po the Straits^o be put together. ^ 

The caissons were put in first> Next the steel cable towers, tall- 
as fifty story buildings, were built. Then the two jgiant cables that 
would support the rodd were spun, A total of 12,580 wires b^d to be 
squeezed into -each round ^abie to ma}ce them strong enough. The cables 
werg so^ strong they could hold e-nough two-ton *trucks to make a line 
13S miles long. Cables were "put in place, huge steel frames were hunV 
from ti)io, cables, tind 'the roadwav was'^^J^^lt. 

On- Labor Day, 1957, ^Big Mac" was officially opened to traffic. , g 
Today car Syj^trucKS, and buses can cross the bridge in ten^intites. 
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V In the early 1940s, lots of time, effort, and* money were invested 

to build a fcridge over a ^ather^ wide body pf water near Tacoma, ' 
I - Washington^ Many had claimed it would require a miracle for workers to 
^ build a bridg€j-across..th^ ??coroa Narrows- They said the job was too 
% * dangerousN^nd would be too dTfficivlt., But workers went ahead. After ' 
years of difficult struggle, the bridge was sactualiy completed. "But- ~ 
soon the bridge collapsed. ' A strong Tacoma Narrow^-^^ridge could not be 
built. ^3jft^^®^ years after a similar effor^-^^as being considered in 
northern mg|^pn« Would this effort produc^another Te^coma Narrows . I 
Bridge?' - ^ 

^ %9 problem In Michigah^ra^^hat the bridge had to be built over 
a s^grlp of water that is ^th -Very deep an>i very wide. The strip of ^ * * ' 

water^ called the^StraiJ.^^f Jdacki^ac, separates Lake Michigan from 

Lake Huron and also ^vides the state of Michigan into two parts. In ^« 
dla^ee^ the wa^r ifs almost 400 feet deep, and the two. parts of the 
lie. almjbst'.four^miles -apart. \^ ' ' 

ther problem was that the winds that blow through the straits 
strong*. It is not unconunon for wind speeds to-reach 75 miles 
hour, epsefiially during the winter reason. Many people said that 
no bridge wou|j^ be strong ^ncragji to withstand the strong winds. 

Large. waves were also a.^,cojtperrt to the' bridge builders. When the / 
winds are tiowiiig the ^trpngest, the waves on the top of the water can 
become quite big. At one '-time so many jx)ats were being damaged by the ' m 

waves c§hat the United State^^ Coa^t <3uard was forced to forbid all 
* * pleasure-boating on -the Straits except when the water and thefcind werejfc * . . ' ' ' 

to th calm. . - ' . ' W 0 * 

6\iring part of the year, winter builds its own bridge between the . * 

, two parts 9f Michigan. This bridge, however, is not safe enough for- 
* vehicles to cross over. It is made out^of ice. With winters as fierce 

as thtey are in noirthexn Michigan, the grinding ice -could possibly damage 
a bridge. * ' 4 ^ . 

^ ^ The builders of the Tacoma- Narrows Bridge would probably have 

'shuddered with f ^ar if farced with building a bridge across the Straits , - ' ' 

9f Mackinac » But the engineers in Michigan went ahead. They^ decided 

xo )5uild ;a suspension bridge. (This is abridge ixi which the roadway, ^ " 

p^Aung, or suspended, from great cables. The cables arey support^ by 

tall towers.) - The abridge wduld be five miles long, and tne suspension 

parts' would be the longest ever built. \ 

People also sai<3 a bridge would cost too, much — one hundred million ^ 
dollars* How would the state pay for it? It was decided that money would " 
f be raised by selling bonds. The bond buyers would be paid back by all 

who used the bridge. Cars, trucks, and buses would pay a toll when they 
crossed the bridge. 

In order to build the. bridge, the en^ineers^ determined that 
thirty-four underwater supports, called caissons, would have to {se sunk 
^ ■ down throug|ti the water and mud to solid rock. Each had to be placed 

within l^ss than an inch* of the right spot. Otherwise the steel parts 
beingifcide elsewhere would not fit. The jolj would be tricky, but they ■ mf * 

^ ' said tiley could do it. ' , " 

^ ^ 30^ ^^^y W/enjt to work. Parts^'of the bridge were built in mills an^i ^ * ' Pi 
shops all acX£y>^ the country. ^The pieces, of the bridge were shipped to, ^ *^ 
i:he Sttraits 'to be put together. They came on railroad cars, on barges 
^ towed— by-^bug^, and on lar^e ships.' f ' . ^ / * . • 



* The caissons were put in' firfit. Next the steel cable towers, tall 

as fifty story buildings^ were built.. Then the two giant cabled' that 
* would stipport the road were spun. A total of 12,580 wires had tp be 

squeezed into each round cabl§ to .make them Strong enough. The cables 
^ were put in pl*ace, huge steel frames were hung from the cables, and the 

; roadway wdB' built.. * ' ' ' * ' . 

* ^ ' 

Maijy people had' compared the task of building a bridge across the 
Straits of Mackinac to the earliet t&sk of buiiding the Tacoma Narrows 
Bridge in Washington . The l^icoma Narrows Bridge was to stand*^ only a 
short time; "Big Macf" is yet strong and in continual use a full twenty 
Y^. years after' J. t was officially opened to tratfic. < 
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- In the early 1940s, lots of time", effort, an^ money were invested 
.to build \a bridge over a rather wide body of water near, JPacoma, 
Washington, Many hc^d claimed it would require a miracle for workers to 
bui]^d a bridge across the Tacoraa Narrows. They said the job was too 
dangerous and would be too difficult,. But workers went ahead. After 
years of difiicutt struggle, the Bridge was actually completed. But 
soon the bridge collapsed, A strong Tacoma Narrows Bridge could not 
be built. Only a few years later a similar effort was being considered 
in northern Michigan, would this effort produce another Tacoma Narrows 
Bridge? ' , - 

The bridge in Michigan had to tee built over a strip of water that 
^s b^th very deep and very wide. The strip of water (Sailed the 
Straits of Mackinac, separates Lake Michigan from Lake Huroi> and also 
divides the state of Michigan into two parts. In some places 'the water 
'is almost 4(>g feet deep, and the two parts of the state lik almost four 
miles apart; 

cThe winds ;»that blow through the*Straits are very, very strong. It 
is not uncommon for wind speeds to reach 75 miles per hour, especially 
during the winteif season. Many people said that no bridge would be 
stfong enough to withstand the ,strong"winds', ' . ' 

LaVge waves were a concern to the bridge builders. When the winds 
are blowing the strortgest, the waves on the top of the water can be 
become quite big. At one time so many bosfts were being damaged by the 
waves' that the United States Coast Guard was forced to forbid all 
pleasure-boating on the Straits except when. the water and the wind wer^ 
both calm. 

During^ part of the year, winter builds its pWn bridge between the 
two* paints of Michigan. This bridge^, however, .i^ not" safe enough for 
vehifrles'to cross over. It is made out ofVce. . With^winters as fierce 
as th6y are -in northern Michigan, the grinding ice comd possibly 
damage a bridge. ^ • ^ . . ; 

The engineer? assigned to study the possibility of building the 
bridge decided they would build a suspension bridge. ^This is a bridge 
in which the roadway is hung, or suspended, from great cables. The 
cables are supported by tall towers.) The bridge would be five miles 
long, and the suspension parts would be the longest ever built. 

People said a bridge yould cost too much — one hundred million 
dollats. ..HOW would the state »pay for it? It was decided that money 
would be raised by selling bonds. The bond buyers would be ♦paid, back 
bjaall who used the bridge. Cars, trucks, and buses would pay £ toll 
wlirn_ they x:rossed the^bridge, 
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In order to build the bridge, the engineers determined that thirty- 
four underwater supports, called caissons, would have to be^ su^nk c^wil 
through the water and mud to solid rock. Each had to be plac^,within 
less than an inch of the right sppt. Otherwise-^the steel. parts' beintf 
made elsewhere woul'd not fit^ * The, job would be tricky, but, they said 
they bouldjdo it, ' > 

/ * > ^ , 

So they went to work^ Parts of the bridge were built in millsirand 
s^ops all. across the coii&itry. The pieces 'of the bridge were shipped to 
the Straits to fae put toge"ther. ^ They came on railroad cars, on barges 
towed by tugs, and on large ships, * • * " , * 

The caissons were put in first. Next the steel 'cable towers, talj. 
as fifty story buildings, were built* Then the two giant cables ^tjiat * 
would support the road were spun, ' A totaS> of 12/580 wires had to be 
squeezed into 'each round cable to make them strong enough. Thei*6^bles 
>rere put in place, huge 'steel frames were hung from the cables, and the 
roadway was built. ' ^, - * * , 

On Labor Day, 1957/' "Big Ma^" w£is officially opened to traffic, " r 
Today cars, trucks, -and buses can cross ig^bridge iii ten niinutes. 
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Between the towns of Mackinaw City and St. Ignace in Michigan lies 
a strip of water palled the Straits of Mackinac. It. separates Lake 
Michigan from Lake Huron and also divides the state of Michigan into 
two parts^ In some places', the water is almost 400 feet deep, and the 
two parfe^-of the state lie almost four miles apart, , 

a , ' * 

A ma^or problem through there-'rs that the winds are Very, very 
strong. It is not unccxranon for wind speeds to reach 75 miles per hour," 
especially during the winter <season. Many people said that a bridge 
built across the Straits would ,^ot bq strcmg enough to wi4^hstan<3 the 
st^rong winds. ^ 

^ . • 

- Large waves can also be, a problem^ in the Straits of Mackinac. 
When the winds are blowing the strongest, the waves on the top of the 
water can become quite big. At one time so many boats j^ete being 
'damaged by the waves tfiat the United States Coast Guard was forced to 
forbid all pleasure-boating on the Straits except when the water and 
the wind were both calm. 

In the early 1940s, lots of time, effort, and money were invested 
to build ^ftridge over a similar body of water near Tacoma, Washington, 
Many had <^u.med it would reguire a miracle for workers to build a 
bridge acres sjbhe Tacoma Narrows, They said the job was too dangerous 
and would be/too difficult. But workers went ahead. After years of 
dif€icult stnruggle, the bridge was actually completed. But soon the 
bridge collapsed. A strong Tacoma Narrows Bridge could not be built. 
Only a few. years later a similar effort was being considered across the 
Straits of Mackinac. Would this effort produce another Tacoma Narrows 
Bridge? - . , . ^ . 

During part of jbhe year, winter b'uilds its own bridge between the 
two pctrts of Michigcin. This bridge, however, is not safe enough for 
vehicles to cross over. It is made out of ice. With winters as fierce 
as they are in northern Michigan, the grinding ice could possibly damage 
a bridge. ? * . 

- * * 

The engineers assigned to study the possibility of building the 
bridge decided they would build a suspension bridge. (This is a bridge v 
in which the roadway is hung, or suspended, from great cables. The 
cables are supported by tall towers.) The bridge would be five miles , 
long, and the suspension parts would be the longest ever built. The 
builders of the Tacoma Narrows Bridge would probably have shuddej;ed with 
fear if faced with building a bridge acrosfe the Straits of Mackinac, ^ 

* People also said a bridge would cos^ too much-r^gne hundred million 
dollars. How would the state pay for it? It' was decided that money 
would be raised by selling bonds. The bond buyers would be paid back 
by all who used the bridge. Cars,' trucks, and buses would pay a toll, 
when they crossed the bridge, 

order to build the bridge, the dbb^lK^ers determined that! 

^ _bur tindetwater supports called c^^fsons, would hav^ to be sunk 

down through the water and mud to solid rock. Each had to 'be placed ^ 
within leVs than an inch of the right spot. Otherwise the sEfeel parts 
being made\elsewhere* would not fit J The Job ^would be, tricky,, but they 
uld. do it,. ^ ' ' ^ 

pXe had compai^ed the ta^k qf building a 'bridge across the 
ckinac to the earlier task of building the Tacoma Narrows 
ington. The Tacoma Narrows Bridge was to stand only a 

is yet strong and in qontinual use a full^ twenty 
cially opened to traffic. 




thevbrldg€L?were built in mills and shops all across the . 
Country, The piec&#4fe^he biridge were shipped to "'the Straits to be 
put together. They came on railroa'd cax^t on barges -towed by tugs, and 
on lar^e ships, . ^ * . \ i . 

The caissons were put in fii;.st. Next the steel cable towerfi, tall 
ad fifty story buildings>^ere built". Then the two*glant cables that 
would support the road were spun. A total of 12^580 wires had -to .be 
squeezed into each ^'und cable to make theih strong enough. The cables 
were put , in place, huge steel frames were hung from the cables, and 
the roadway was built. • , ' . ' 4 ' 
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Between the towns of >Iackinaw City and St, Ignace in Michigan lies 
a strip of wateif called" the straits o£ , Mackinac, It "separates Lake 
Michigan from Lake Huron^and also divides the state of Michigan into , 
two parts* In some places, the water is almost 400 feet ^eep, and.Jbhe""^ 
, tv?o parts o£ the state lie almost four miles apart, , 

The winds through the Straits of Mackinac are very, very strong, 
tt is not uncommon for wind speeds t6 reach 75 miles per hour, especially 
during this' winter season. Many people said j:hat a bridge built across 
the Straits would not be strong enough to withstand the strong winds, 
• ^ 

Large waves can be a problem in the Straits of Mackinac, When the 
winds are. blowing the strongest / "the waves on the top of the water can 
become quite bi^. At one time so xtjany boats were being damaged by the 
waves that the United States Coasl^. Guard was forced to forbid all 
pleasure-boating on the Straits except when the water and the wind ^ 
were both calm, . . j ^ 

In the early 1940s/ lots o^ time> effort/ and money weore invested 
to build a bfidge over a similar body of water near Tacoma, Washingtpn, 
Many hard claimed it would require a miracle for workers to build a 
bridge across the Tacoma Narrows, They said the job was too dangerous 
and would be too difficult. But workers went ahead. After years of 

.difficult struggle/ the bridge was actual ly compl eted « But soon the 
bridg.e collapsed, A strong Tacoma Narrows bridge could itCTt be built. 
Only a few years later a similar effort was being considered across the * 
Straits of Mackinac. Would this effort produce another Tacoma Narrows * 

, Bridge? • . ^ 

During part of the year, winter builds its own bridge between the 
two parts of Michigan, This bridge, however, is not safe enough. for 
vehicles to cross over. It is made out of ice. With winters a^ fierce > 
'as they are in northern Michigan, the grinding ice could possibly 
damage' a t^idge . ' * • ' ' 

J . The engineers assigned to study the possibility, of building the 
bridge decided they woyld buil^d a suspensipn bridge* (This is a bridge 
in which the roadway is h\ing, or suspended,^ from great cables. The 
cables are supported' by tall towers,)^ The bridge would be five miles 
long, and the suspension parts would ^be the longest ever built. 

People said a br^idge would cost too much — one htindred million 
dollars* How would the stat6 pay for i±7 It was -decided that moriey 
would bfe raised by selling bonds. The bond buyers would be paid back 
by all^who used the bridge, Cars/ trucks, and buses would ^ay cl toll 
when they crossed the bridge, ^ ^ 

In order to build the bridge, the engineers determined-i:i|air — 

thirty- four underwater supports, called caissons, would' have tb be sutik 
down through the water and mud to solid rock* Each had to be placed 
within less than an inch of the right spo^. Otherwise the steel parts 
'be*in§ made elsewhe^re would not "fit* The job would be tricky, but they 
said thiey could do it, * / ' * > 

Paorts' of the bridge jwere built in mills and shops all across the 
country* The pieces of the bridge were shipped to. the strai?s^ to be 
put together; They came on railroad-oars , on barges towed by tugs, 
.and on largfe ships,, ^ 



The caissons were put^in first. Next the steel, cable, towers, tall 
as fifty story^ buil^ngs were built,. Then the two giant cables that 
would svipport the road were spun* A total*6f 12,580 wires had to be 
Squeezed into each round cable to make them slwrong enough. The 
cables were put in place, huge steel frames were hung* from the cables, 
and the Roadway was built, . ~ , 

On Labor Day, 1957, ^Big" Mac** was officially opened to traffic, 
Tojjiay cars",, trucks^ and bufes can crops' the bridge in ten minutes. 
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In the. early 1940s, lo.ts of time, effort, and money were invested to- 
build a bridge over a rather wide body of water near Tacomaf, Washington. 

*Many had claimed it would require a miracle for workers to bi^il** a bridge 
across the Tacoraa Narrows • They said the job was too dangerous' and would 
be toofdifficult. But workers went ahead. After year? of difficult 
struggle, th§ bridge was actually completed. But soon -the bridge collapsed. 
A strong Tacoma Narrows Bridge could not be built. Only a few yea^s late.r 
a similar effort was being considered in northern Michigan. Would this 

^ffort produce another Tacoma* Narrows Bridge? 

A big problem In Michigan was that the bridge had to i>e built over a. 
strip of water that is both very deep and very wide. The strip of water, 
called the str.ait^of Mackinac, sepeirates Lake Michigan from Le^ke Hurorxr 
two of the^^ive Great Lakes, all of which are located on the' northern border 
of the continental united States. It also divides the state of Michigan^ 
into two parts. These parts are called the Upper and Lower Peninsulas. 
In some places, the 'water is almost 400 feet deep, and the two parts af. 
the state iie almost four tiriles apart, . " 

Another big problem was that the winds that blow through the Straits , 
ane veSry strong.' It^ is not uncommon for wind speeds to reach 75 mil'es 
per hour, Nespecially during the cold winter season. Michigan's winters are * 
the fifth coldest of all states, with an average seasonal snowfall of 1.72 
inches . M^ny people said th^t no bridge would, be strong enough to " - 
withstand the atrong winds.. ^ 

Large waves were also a concern to the bridge builders. When the winds 
are blowing the strongest, th^ waves on the top of the water can become 
quite big. At one time so many boats were being damaged by the waves that* 
the United States Coast Guard was forced t€^^ forbid all pleasure-boating on 
the Straits except when the water and ;fehe wind were both calm. 

Each day members* of the *Coast Guard constantly monitor weather 
bonditions. They iafocm boaters whether or not it is safe to go out on 
the Straits.. . Weather forecasts and Coast Guard i;^commendatdons ara 
announced over the radio every half hour. Different colored flags a^e 
raised over the Coa§t Guard stations to signal specific weather conditions 
i:o the, boaters. *^ , * 

The builders of the Tacdma Narrows Bridge would probafbly^have 
shuddered with fear if faced with building a bridge across the Straits J 
6f Mackinac. BUt the engineers in Michigan went ahead. They decided tp 
build a suspension hridge* (This is a bridge -in which *the roadway is hung/ 
pr suspended, frqm great cables. The cables are supported by tall towers.) 
The, bridge" would be five miles long, and the suspension ^arts would be the 
tdngest ev^r built. . ^ ^ ' ^ ^ * 

People ^Iso said" a bridge would cost too much--^ne hundjed million 
dollars. , How would the* .state pay for it? It was decided, that money would 
be raised by^'selling bonds. The bond buyer^ would hi paid back by all who 
used the brijge. Cars, trucks, and buses would pay a toll when they 
crossed the pridge 




order tob^jK^the bridge^r the engineers determine that , ^ 
thirty-tour underwater suppoifts, callld caissons, would have to be sunk 
down through the water and mud to solid rock. Each had to be plciqed 
within less than an inch of the righ^ spot. Otherwise the steel pe^rts 
being made elsewhere would not fitv The job wou2,d be tricky. 

' J ' \ ' ' ' 

The builders went to work. Parts of .the bridge were* built in mills 
and shops all across the country. No stone or brick was to be used in y 
the bridge. Bridges of years ago were exclqsively made of such materials. 
The 'pieces of the bridge were shipped to the Straits to be put together. 

The cafssons ffere put in first. Next the st^eel cablet*' tof^ers , tall sis 
fifty story buildings ^^ce buillr. ' Then the two giant cables. that would 
support. the road were spun. A total of 12,580 wires had, to be squeezed intov 
each round cable to make them strong enough. The cables were so strong, they 
could hold enough two-ton trucks to make a line 150 miles long. The cables 
were put in place, huge steel f reuses were hung from the cables ^ and the 
roadway was built. ' » ^ ' 

Many people had compared the task, of building a bridge across the 
Straits of Mackinac to the earlier task of building^ the Tacoraa Narrows '\ 
Bridge in Washington. The Tacoma Narrows Bridge was to stand only a shott 
timet "Big Mac** is yefestrong and in continual use a full'twenty years /. 
after it was official^ opened to traffic* 5^ 
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In the early 194 OS/ lots of time', effort, and money were invested 
to build a bridge over a rather wide body of wate^ near Tacoma/ 
Washington. Many had claimed it would r^g^uire a mLrdc\e for workers to 
build a bridge across the f acom^^sgargg^fs ^ They said the job was too 
•dangerous and wo^ld be too difficul€T But workers went ahead. After . . 
years of difficult struggle, the bridge ^was actually completed. But " ^ 
soon the bridge collapsed. A strong Tacoma Narrows Bridgfe could* not 

be built. Only a few years later a similar effoat was being considered ' 

in northern Michigan. Would this effort prdduce another Tacoma Narrows 
Bridge? . , ' , : 

The bridge in, Michigan had * to \be built. over a strip of^water that / 
is both very deep and very wide. The strip of. .water, called the^ Straits 
of Mack'iriac, separates Lake Michigan" from Lake Huron, two of the five / 
Great* Lakes, all of which "are located on the northern border of the / 
continental United States. It also divides tfhe state of Michigan intp 
two parts. These parts are called the Upp^r and Lower Peninsulas, ^n 
some places th^ water is almost 400 feet deep, and th^ two parts of ^the 
state lie almost four miles apart. 

5 » 

The winds, that blow through the Straits ctre very, very strong. It 
is net ijncomiiprt for yfin^ speeds to x^ajch 75 lail.^s per^^hjourt espepially . 
during tfie cold winter season. Michigan's winters are the fifth coldest 
of all states, with an average seasonal snowfall of 172 inches. M^ny 
people said t?Rat no bridgfe v^puld pe strong enough to withstand the 
strong winds. ^ 

Large waves were a concern to the bridge builders. When th^ winds 
are blowing the strongest, the wave^ on jthe top of the waiter can become 
quite big. At one time 90 .many boats were being damaged by the waves 
that the United States C6ast Guard/was forced to forbid all pleasure- 
boating on the straits except whe2> the w^ter ^and the wind were both calm.. 

• Each day members of the Coast;, Guard constantly monitor weath,er ' 
conditions. They inform boaters whether or not it is safe to go out oh* 
the ^traits. Weather forecasts and Coast Guard recommendations are 
announced over the radio every half hobr. Different colored flags are 
raisecfNover the Coast Guard ^stations to signal specific .weather condi- 
tions to the boaters. , ^ , , ^ 

• The engineers assigned to study the possibility of building the bridge 
decided they would build a suspension bridg'e. {This is a bridge in which 
the roadway is hung) or suspended, frojn gre^t Cables. The cables are 
supported by tall towers.) The bridge would be five miles long, and the 
suspension parts would be the longest ever built. 

People said a bridge would .cost too much — one hundred million dollars. 
How would the state pay for it? It was decided that money would be raided 
by selling bonds. The bond buyers would be paid back by all- who used the 
bridge. Cars, trucks, and buses wbuld pay a toll when they crossed the 
j;>ridge. «* 

In brder to build tl?e bridge, the engineers determined that 
thirty-four underwater supports, called caissons, would have to be sunk 
down.thrpugh the water and mud to solid' rock, fiach had to* be placed within 
less than an inch of the right spot. Otherwise the steel parts being made 
elsewhere would not fit. The job wpuld l)e tricky. 

^Tlle builders went to work. Parts of the bridge were built in mills 
and ^ops all across the country. No vS tone or britck was to be used in 
tha bridge. Bridges of /ears ago were exclusively made of such matitfrials* 
The pieces of the i?ridge were shipped to the Straits to be put together. 



^The caissons were put in first. Next the steel cable towers, tall as 
fiftv story buildings, were built. Then the two giant cables that would 
'uppSit the road were spun. A total of ^2,580 wires had to be squeeze^ 
into each round^cable to ma^e them strong enough. The cables were 
strong they could hold enough two- ton trucks to make a line 150 miles long. 
The cables were put in place, huge steel fraunes were' hung^ from thg cables, 
and, the roadway was built* ^ ^. 

_ On Labor Day^ 1957r "Bi^ I^ac" was off icially *<5p^ned to traffic. 
Today cars, trucks^ and buses ban cross* the bridge in ten minutes. 
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Between the towns of Mackinaw City and St. Ignace in l^ichigan lies 
a strip of water called the Straits of Mackinac. It separates Lake 
Michigan from Lake-Huron, two of theVfive Great Lakes, all of which are 
Ideated on the northern border of the"^eont*fnental United States^ It also 
divides the state of Michigeui into two parts. These parts are called the 
Upper and Lower Peninsulas. In some places the water is almost 400 feet 
deep/ and the two parts of i:he state* lie almost four miles apart. 



A major problem through there is ,that the wii^ds.are very, very strong. 
It is not uncommon for wind speeds to reach 75 mil^es p^r hour, e"speciaily 
doring the cold winter season. Michigan's winters are the fifth coldest 
of ' all states, with an average seasonal snowfall 172 inches*. Many people 
said that a bridge built across the Straits would not be strong enou^ to 



r 



withstand the strong winds. 

Large waves can also be a problem in the Straits of Mackinac. When 
the winds are blowing the strongest\ the waves on the top of the water can 
become quite big. At one time so many boats were being damaged by the 
waves that the United States Coast Guard was forced to forbid all pleasure- 
boating oa the Straits except when the water and the wind were both calm. 
* * » 

Each day members o^ the Coast Guard constantly monitor "weather 
conditions. They infont^ boaters whether or not it is^ safe to go put 'on 
cS^ Straits. Veath^* 'forecasts a^d Coast "Guard fecdniaendations See 
announced over the radio every half hour. Different colored flags are 
raised 6ver the, Coast Guard stations to signal specific weather conditions 
to the boaters . % aML ^.^i, 



m0t 

B lWvest( 



. In the .eirly 1940s, lot^ of time, effort, and money were ittvested to 
build a bridge over a similar body of water 41 esir Tacoma, Washington. Many, 
had claimed it would require a miracle for workers to build a bridge across 
the Tacoma Narrows. They said the job was too dangerous and wpuld be too 
difficult. But workers went ahead. After years of difficult struggle, 
the. bridge was actually completed. But soon the bridge collapsed* A ' 
strong Tacoma Narrows Bridge could not be built. Only a few years later 
a simi3,au: effort was being cor^sid^r^d across th^ Straits of Mackinac. 
Would this effort produce another Tacoma Narrows Bridge? 

The engineers assigned to study the ^ggssibilitv of building the 
bridge decided they would build a suspension t^idge. (This is a bridge in 
which the roadway is hung, or suspended ,/frcra great cables. The cables 
axe supported by tail towers.) The bri>dfge would be five milep long, and 
the suspension par*ts would be the longest ever built. The builders of 
the Tacoma Narrows Bridge would probably have sh^ddered with fear if faced 
with building a bridge ^across the Straits of Mackinac. 

People also said a bridge would cost too much — one hundred million? 
dollars. JHow would the state gay for it? It was decided that money would 
be raised 6y selling bonds. The bond buyers would be paid back by all - 
who used thebridge. Cars, trucks, and buses would pay a toll' when they' 
crossed the bridge 




In order to Ijuild^-rhe Bridge/ the engineers /detenrtined that 
»thir,ty-four underwaten' supports /"cHil^^caissons/ would have to be sunk 
down through the water and mud £0 ^ solidTr&ck — ,^E^ch had to be placed 
within less than an inch of the right spot. Otherwisis the steel parts 
being made elsewhere w<fiuld nofcAfit. The job would be ^ricky. 

Many people had compared the task of building a bridge across. the 
Straits of Mackinac^ to the earlier task of building the Tacoma Narrows 
Bridge in Washington* The Tacoma Narrows Bridge was to stand only a short 
tijne? "Big^Mac" is yet strong ^nd in continual use *a full twenty years 
after it was officially ojiened^to traffic^ * , ^ 

Parts of the fridge v£ere built in mills and shops all across the 
country. No stone, or brick was to be used in the bridge* bridges of years 
ago wjere exclusively madevof such materials. The pieces of the bridg^^^ 
were shipped to the Straits to ^e put together. 

/rhe<. caissons were put in first. Next the steel cable towers, tall 
as fifty 'Story buildings, were built. Then. the two giApt cables that , 
would ^support the road were spun. A total of 12,580 wires had t^o be 
squeezed into each round cable to make them strong Enough. The' cables 
were so strcfng they could hold enough two-ton trucks to make a line 150 
miles long. The cables were put in pl|gice, huge steel frames were hung 
from the <sables, and the roadway was built. 
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Between the towns of Mackinaw City and St» Ignace in Michigan lies 
a strip of water called the Straits of Mackinac ♦ It sepa^rates Lake 
Michigan from Lake Huroi;i,, two^f the five Great Lakes^ all of 'which are 
located^ on the northern border of the continental United . States ♦—It — 
also divides the state of Michigan into two parts ♦ These parts are called 
the Upper and Lower Peninsulars* In .some places ,the water is almost 400 
feet deep, ^nd the two par^ts of the state lie almost four miles apart* ^ 



The winds that blow through the Straits are very, very strong. 3t — ; — 
is not uncommon for wind speeds to reach 75 miles per hour, especially 
during thfe cold winter season. Michigan's winters are Jthe fifth coldest 
of all states, with an. average seasonal snowfall of 172 inches* Many 
people said that a bridge built across the Straits would not be strong 
epough to withstand the strong wirfds. j . 

Large waves can be a problem in the Straits of Mackiiiac. When the 
winds are blowing the strongest, the waves on 'the top of the water can 
become quite big. At one time so many boats were being damaged by the 
waves that the United States Coast Gudrd was forced to forbid all ' 
pleasUre-boating on the Straits except when the water and the. wind were 
both calm* 

Each day ^aerabers of the Coast Guard coii(^s t an tjy^ monitor .weather 
conditions* • They inform boater;5 , whether or not it' is safe to go out on x 
the Straits. Weather forecasts and Coast Guard recommendations are 
announced over the radio every ha^f hour. Different colored flags a?"e 
raised over -^he Coast Guard stations to signal specific yeather conditions 
to the boaters. 

In the early 1940s/ lots of , time, effort,, and money wjere invested 
to build a bridge over a similar body of .water near facoma, Washington. 
Many had claimed it would require a miracle for workers to buil<J a ijridge 
across the Tacoma Narrows* They said, the job was too dangerous an<J 
would be too difficult. But workers went a^ead. After years of difficult , 
struggle, the bridge was actually completed*- But soon the bridge collapsed. 
A strong Tacoma {^arrows Bridge could not be built. Only a few years' 
later a similar effort was being considered across the Straits of ^ackinac. 
J/ould this effort produce another Tacoma Narrows Bridge? 
^ \" • 

The engineers assigned to study the possibility of building the 
bridge decideG they would build a suspension bridge. (This is i«i bridge"' 
in which the roadway is hung, or suspended from great cables. The cabled 
are supported, by tall towers.) The bridge would be five miles long, and ^ 
the suspension parts would be th^ longest ever built. 

^ > people said a bridge would cost too much — one hundred million 
dollars. How would the state- pay for it?^ It was decided that money 

, would be raised by selling bonds. The bond buyers would be paid back 
by all who us^d the bridge. Cars, trucks^ and buses would pefy a toll 
when they crossed the bridge •.'^^ ' ^ - . * * 

In order to build the bridge, the engineers determined that • \, 

thirty-four tmderwater suppoxts/ called caissons, would have to be sunH'""\ 
down through the water and^ud to solid rock. Each had to be placed ( \ \ 
within less than an inch or the right spot. Otherwise the steel parts ; \l 
toeing made els^w^here would not fit. Ti)e job would be tricky*. . \ V 

% ^ ^ 

, Parts , of the bridge were 'built in mills and shops all across the \ 
country. No stone ";or brick was to be used in the bridge. Bridges of 
years ago, were e^cclusively made of such materials. The pieces of the, \ 
bridge were shipped to the Straits to be put together. . ^\ 

The caissons were^ put in first. ^ Next the steel cable towers, tail \ 
as fifty story buildings, were built. Then the two giant cables that I 
'would support the road were spun. A, total of 12,5S0 wires^ha^^ to be ^ 
squeezed into each round 'cable to make than strong enough. The cables \ 
wej^e so strong they could hold enough two- ton tmcks to make a line 150 ^ 
miles^long. The cables were pufiri place, huge steel frames were hung \ 
from the cables # smd this toadway was built. * \ 

On Labor Day, 1957, "Big Mac" was officially opened to traffic. 
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